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Onondaga Lake in Syracuse, New York was once considered to be the most polluted lake 
in North America. Since the lake’s placement on the EPA’s superfund site list in 1994. The 
purpose of this study was to determine historical and surficial sediment concentrations of organic 
pollutants within Onondaga Lake by analyzing core sediment samples from 1920 to 2011 and 
surficial sediment samples from nine locations taken in 2016. The sediment core revealed three 
distinctive periods of high organic compound pollution in the lake: late 1920s to early 1940s, late 
1950s to late 1970s, and the 1990s to early 2000s. These peaks, in PAHs, PCBs, and 
chlorobenzenes corresponded to industrial activities surrounding the lake, mainly by Allied 
Chemical and General Motors. Analysis of the surficial sediments indicated that there are no 
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CHAPTER 1: INTRODUCTION AND LITERATURE SURVEY 
1.1 Introduction/Purpose   
Over the past 60 years the water and sediments of Onondaga Lake have been extensively 
studied and monitored for the presence of nutrient, heavy metal, ionic, and organic 
contamination. The magnitude and extent of these pollutants within the lake and its tributaries 
led to several lawsuits against facilities within the lake’s basin as well as against Onondaga 
County, leading to the lake’s ultimate placement on the Environmental Protection Agency’s 
(EPA) Superfund National Priorities List (NPL) in 1994. The placement of the lake on the NPL 
prompted an extensive remediation of the lake sediments and water column by the New York 
Department of Conservation (NY-DEC), the EPA and several contaminating parties beginning 
mid-summer 2005. Remediation efforts will be discussed further in section 1.4, but a significant 
focus within the lake was on the dredging and capping of severely contaminated sediments 
particularly in the lake’s southern basin. Although the lake remains on the NPL, the bulk of the 
lake’s remediation projects were completed by late 2016.  
This study looked to determine the historical and surficial sediment concentrations of 
organic contaminants known to be present within the lake. These contaminants include 
polychlorinated biphenyls (PCBs), chlorobenzenes, polycyclic aromatic hydrocarbons (PAHs), 
and other aromatic hydrocarbons.  
1.2 Onondaga Lake Setting and Hydrology 
Onondaga Lake is a freshwater system, located (lat. 43 06’54” N, long 76 14’34” W) 
northwest of the City of Syracuse in Onondaga County New York. The lake has a surface area of 
12.0 km2, a mean depth of 10.9 m, a maximum depth of 19.5 m, a volume of 1.31 x 108 m3, and 
is oriented along a northwest-southeast axis (Figure 1) in a watershed that encompasses nearly 
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668 km2 of mixed-use land [large for a lake of its size].1,2 According to the National Land Cover 
Data (NLCD) derived via satellite imagery from 1991 to 1993, the Onondaga Lake drainage 
basin contains the following land usages (Figure 2): forest (~40%), pasture (~24%), row crops or 
livestock operations (~6%), developed (~18% broken down into ~13.5% as low/high-intensity 
residential uses and ~4.5% as commercial, industrial, and transportation uses), urban/recreational 
grass (~3%), and wetlands, ponds, small lakes (~6.4%).2 The lake’s main outlet is the Seneca 
River at the northwest end of the lake, which flows into the Oswego River and eventually to 
Lake Ontario. There are five main inlets to the lake which include, Onondaga Creek, Ninemile 
Creek, the City of Syracuse’s municipal wastewater treatment plant (METRO), Ley Creek, and 
Harbor Brook, as well as several smaller inlets (Bloody Brook, Sawmill Creek, Tributary 5A, 
and the East Flume).1 The average annual inflow and percent contribution to total inflow of each 
tributary is shown in Table 1,1 the location of each tributary is shown by the bathymetric map in 
Figure 1. The region’s groundwater inputs do not impact the lake’s overall hydrologic budget nor 
does direct input from precipitation to the lake’s surface, as evaporation essentially balances the 
input making the net effect of these two processes insignificant compared to surface inputs.3 
 
Table 1. Annual flow conditions for surface inflows to Onondaga Lake and its contribution to 
total inflow for the years 1971-1989 (adapted and modified from Effler)1  
Tributary  Approx. Avg. Annual Flow (m3/s) Approx. Avg. % contribution 
to total inflow 
Onondaga Creek  5.22 31.4 
Ninemile Creek 5.05 30.4 
METRO  2.99 18.9 
Ley Creek 1.28 7.7 
Harbor Brook 0.38 2.2 
Others* 1.56 9.3 
Total  16.5 99.9 
*Sum of Bloody Brook, Sawmill Creek, Tributary 5A, and the East Flume 
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Figure 2. Land cover and land use in the Onondaga Lake drainage basin, Onondaga County, 
New York (adapted from Coon)2 
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Onondaga Lake is a dimictic lake, mixing twice a year, during the spring and fall, and 
stratifying in the summer (separated into the upper mixing layer (epilimnion) and denser lower 
layer (hypolimnion) by a thermocline) and winter (separating into a cold/ice layer at the surface 
and warmer layers beneath the ice and near the unfrozen bottom layer).4 The average 
temperature of the lake is approximately 4°C in the winter/early spring and 20°C in the 
summer/early fall. The lakes circulation patterns have not been extensively studied, however, the 
prevailing winds over the lake are from the west-northwest direction and in the northern 
hemisphere water current deflect to the right of the wind direction, indicating a counterclockwise 
circulation pattern is likely in the upper water of the lake. 5 Due to the size and currents within 
the lake, Onondaga Lake has a high flushing rate (greatly exceeding the rates of the other Finger 
Lakes within central New York), with an average flush rate of 3.9 flushes per year [range 2.7 to 
5.7 flushes per year (significantly impacted by yearly rainfall)]. The high flush rate leads to a 
short response time (time to reach new steady state) of conservative substances (e.g., chloride 
anion) as it only takes 0.5 to 1.1 years to reach 95% of a new steady state. The highest flush rates 
for the lake often occur during the spring (March-April) (approximately 0.52 flushes per month]) 
when runoff is highest and are the lowest in the summer (July-September) (approximately 0.2 
flushes per month) when runoff is low and the lake is stratified.3  
1.3 Onondaga Lake Pollution History   
The Onondaga Lake basin has a rich history dating back to the 1500s when the Onondaga 
Nation used the lake and the surrounding areas as fishing and hunting grounds.3 The large salt 
deposits surrounding the lake however, lead to colonial settlement in the late 1700s marking the 
beginning of the lake’s industrial and pollution history. Throughout the 19th century settlement 
along the lake increased with the introduction of large scale salt manufacturing operations 
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(starting in 1794), then continued to increase exponentially with the building of railroads and 
further industrial development.1,3 Soda Ash (Na2CO3) production using the Solvay process began 
in 1884 by the Solvay Process Company on the western shore of the lake, the City of Syracuse 
opened its primary sewage treatment plant (the Metro) in 1925, and General Motors opened its 
Inland Fishers Guide Plant in 1952 along Ley Creek.1,6,7 Other industrial facilities that also 
contributed to the pollution problems, but to a lesser extent, include the Town of Salina Landfill 
[1950s-1970s] (municipal landfill located on Ley Creek containing domestic and commercial 
waste), “Oil City” [opened 1926-tanks removed 2001] (industrial and commercial complex built 
near the Barge Canal), Pen-Can Facility (owed by Allied Chemical and was used for asphalt 
production, storage, and disposal), CSX Railroad area, Crucible Materials Corporation [1900-
Present] (develops and manufactures specialty steels), American Bag and Metal, Niagara 
Mohawk Power (National Grid), Roth Steel, and Lockheed Martin.8 
Since the start of the 20th century, the condition and health of Onondaga Lake 
exponentially deteriorated (e.g., salinity increased, water clarity declined, dissolved oxygen 
concentrations decreased) while in situ production, in the form of phytoplankton blooms 
including cyanobacteria, rapidly increased.4 Prior to European settlement, the lake was oligo-
mesotrophic, but as the watershed developed the lake slowly became eutrophic (nutrient rich), 
and then hypereutrophic (highly nutrient rich, characterized by frequent and sever algal blooms 
and low transparency) by the end of World War II (1944).1,4,9,10 Due to the cultural 
eutrophication of the lake, the cold-water fish species were depleted by the 1920s, swimming 
was banned in the lake in the 1940s, and fishing was banned in 1955.11 A timeline of events 




Table 2. Timeline of events related to Onondaga Lake 
Year(s) Event 
1794-1920 Large scale salt manufacturing operations (peaked in 1862 and declined greatly by 
1880)1 
1822 Lake outlet channel cut- doped lake level 0.6 m in elevation to match elevation of 
Seneca River (supply and shipping route for salt industry)1 
1825 Erie Canal Constructed1 
1840s Railroads around lake constructed1 
1884 Soda Ash Facility (Solvay Process Company) became operational1,6 
1870s-1880s Resorts constructed around the lake – the “Resort Era” was short lived and 
reached its peak at the turn of the century ending at the end of WWI1  
1890s Cold water fisheries (specifically Whitefish) eliminated from the lake1 
1900 Lake ice harvesting banned (for health reasons)1 
1910 Highways constructed around the lake1 
1917-1947 Benzene production by Allied Chemical (formally Solvay Process Company)1 
1920 Swimming in the lake banned (for public health reasons)1 
1922 Syracuse Interceptor sewer system completed where sewage was discharged 
directly into the lake following screening and disinfection1 
1925  Primary sewage treatment facility completed by the City of Syracuse1 
1926 “Oil City” industrial and commercial complex built near the barge canal and the 
Onondaga Creek outlet- Bulk storage and transfer facility for fuel related 
hydrocarbons, synthetic organic chemicals, and PCBs3 (tanks removed in 2001) 
1946-1986 Allied Chemical’s Chlor-alkali production (at main plant)1 
1952 General Motors Inland Fishers Guide Plants opened on Ley Creek7 
1955 NYS Department of Health acknowledged that the lake was grossly polluted. 
US-DOJ took legal action against Allied Chemical forcing them to decrease their 
discharge of Mercury into the lake. 
Fishing banned due to flesh contamination of Mercury1. 
Late 1960s First comprehensive limnological and water quality study of the lake1 
1979 Metro upgrades made – secondary treatment by contact stabilization modification 
of activated sludge added1 
1981 Metro upgrades made – Tertiary treatment added in order to lower lake 
phosphorus1 
1986 Allied Chemical closed all operation facilities1,6 
July 1989 Allied Chemical sued by NYS under the federal “superfund” legislation for 
pollution of the lake1 
Dec. 1993 General Motors closed Inland Fishers Guide plant7 
1994 Sediments of Onondaga Lake, its tributaries, and surrounding land were placed on 
the Superfund National Priorities list, with special attention concerning the release 
and potential release of hazardous substances1,11 
2005 Metro upgrades- Added a biological aerated filter to reduce ammonia levels in 
effluents11 
July 1, 2005 Onondaga Lake Cleanup Plan issued by the NYS-DEC and the US-EPA11 
2017 Cleanup completed by Honeywell Inc. (formally Allied Chemical) 
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The Tully mudboils are another source of pollution to Onondaga Lake and although they 
are not an industrial pollutant, they have been a major source of sediment and turbid water to 
Onondaga Creek and ultimately Onondaga Lake since the late 1890s.12 These mudboils are 
volcanic like cones consisting of fine sand and silts that continuously discharge into Onondaga 
Creek due to artesian pressure and ground subsidence in the Tully Valley at the southern end of 
the drainage basin. At their maximum, large mudboils can discharged about 400 gallons per 
minute, which corresponded to a suspended sediment load of approximately 29.8 tons per day 
being released into Onondaga Creek. Mudboil remedial efforts began in 1992 by the Mudboil 
Working Group. Three separate remediation steps were undertaken by this group simultaneously 
including surface-water diversions, aquifer depressurizing wells, and the building of an 
impoundment dam. By diverting surface water flows from the tributary, the annual surface water 
inflow to the mudboil depression area was decreased by two-thirds, thereby decreasing the 
sediment load into Onondaga Creek by almost half. To decrease the artesian pressures within the 
aquifer (to slow mudboil activity) depressurizing wells were installed allowing water to flow out 
of them instead of out of the mudboils. The impoundment dam was built at the outlet of the 
mudboils to reduce the amount of sediment being discharged into Onondaga Creek (sand and silt 
settles out of the water). Overall, these remediation efforts decreased the suspended sediment 
loads to an average of 2.0 tons per day by 1996. However, the mudboils can never be fully 






1.3.1 Allied Chemical (Solvay Process Company/Honeywell Inc.) 
Soda Ash (Na2CO3) production using the Solvay process began in 1884 along the western 
shore of the lake at the Solvay Process Company’s main plant, due to the abundance of resources 
in the area and the proximity of the lake for cooling water and waste disposal. The Solvay 
process used limestone (CaCO3) and sodium chloride (NaCl) to make soda ash which was used 
in the manufacture of glass, soap, and paper through the following reaction: 
𝐶𝑎𝐶𝑂3 + 2𝑁𝑎𝐶𝑙 → 𝑁𝑎2𝐶𝑂3 + 𝐶𝑎𝐶𝑙2 
This process produced large amounts of waste (~0.5 kg NaCl and 1.0 kg CaCl2 for each kg of 
Na2CO3 produced), which was subsequently disposed of directly into the lake and tributaries 
initially and then into wastebeds surrounding the lake. In the wastebeds the soluble fraction 
would drain off and enter the lake and the tributaries through groundwater inputs and surface 
runoff, leaving behind the solid waste (known as Solvay waste). In addition to waste, the plant 
released a substantial amount of heated water into the lake and Ninemile Creek.1,6 In 1890, the 
facility was produced 70,000 metric tons of soda ash annually, and production peaked in the 
mid-1960s at 900,000 metric tons of soda ash annually.1,6,11 By the time this main facility closed 
in February 1986, the facility had produced over 30 chemicals (mainly organic compounds 
including naphthalene [1917-1970]),11 dumped billions of gallons of waste into wastebeds and 
into the lake, and had significantly impacted the health of the lake including: raising the salinity 
of the lake (due to ionic waste disposals), disrupting stratification and mixing within the lake, 
and causing a large delta plume of calcium carbonate (CaCO3(s)) at the outlet of Ninemile Creek 
due to the oversaturation of Ca2+. 1,6 
Along with soda ash, the Allied Chemical Plant (formally Solvay Process Company) also 
began producing chlorine and caustic soda in 1946 using the chloro-alkali process. The chloro-
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alkali process is an electrolysis process conducted on a sodium chloride brine that uses mercury 
as the cathode for the reaction. The mercury used during this production was released into the 
lake from cleaning and leaking cells, at a rate of up to 10 kg/day (75,000 kg of Hg released 
between 1946 and 1970.1,5 This plant also housed a benzene production facility on the site from 
1917-1947.1 The main Allied Chemical Plant was closed in 1986.1,6,11 
Allied Chemical also owned and operated two other chemical manufacturing facilities 
adjacent to the Onondaga Lake. The Willis Avenue Plant operated from 1918 to 1977 along the 
Southern Shore of the lake, producing mainly chlorinated benzene products from benzene, 
chloro-alkali products and hydrochloric acid.11,13 The Bridge Street Plant functioned as a chloro-
alkali production facility and operated from 1953 to 1979 (plant sold to Linden Chemicals and 
Plastics where it operated until 1988) northwest of the main plant. This plant also produced 
bleach and hydrochloric acid. Although Allied Chemical released a significant amount of 
contaminants over its tenure (including polycyclic aromatic hydrocarbons, polychlorinated 
biphenyls, and chlorinated benzenes), the impacts from the soda ash and chloro-alkali production 
had the most profound effects on the lake in the form of increased calcium carbonate deposits 
and high mercury concentrations respectively.11 The wastebeds created by Allied Chemical along 
the lakeshore have been shown to be a large source of dense non-aqueous phase liquid polycyclic 
aromatic hydrocarbons, mercury, benzene, toluene, ethylbenzene, xylene, and chlorinated 
benzenes to the lake.8 Allied Chemical merged with Honeywell International Inc. in 1999.11 
1.3.2 General Motors Facility  
The General Motors Inland-Fishers Guide facility, which contained several 
manufacturing buildings and an industrial landfill, operated adjacent to Ley Creek from 1952 to 
December 1993. Early manufacturing operations at the plant included plating, buffing, forming, 
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and finishing metal using hydraulic oils that contained polychlorinated biphenyls (until 1969), 
while later manufacturing operations at the plant included injection molding and painting plastic 
body trim components. Due to these operations, surface water, groundwater, soils, and 
vegetation located on and adjacent to the site were contaminated by hazardous waste (PCBs, 
chlorinated solvents, paint sludge, copper, nickel, and chromium) from spills and operational 
releases.8,14 GM was a large source of PCBs to Ley Creek and Onondaga Lake between 1952 and 
1969. However, Ley Creek itself became a source of PCBs to the lake in the mid-1970s when a 
portion of the creek near the GM plant was dredged for flood control and the sediments were 
placed on shore of the creek. PCB concentrations in the dredged spoils were upwards of 466 ppm 
and PCB concentrations in the groundwater on site (during operation) were upwards of 10 ppb.15  
1.3.3 Municipal Wastewater Plant (Metro) 
Syracuse’s municipal wastewater treatment plant (the Metro), located on the southern 
shore of Onondaga Lake, has been discharging directly into the lake since the early 1920s when 
the waste was only screened and disinfected. The plant was designed to accommodate flows up 
to 126 mgd (million gallons per day) and provided primary, secondary, and tertiary treatment of 
wastewater. The discharged water makes up approximately 20% of the total water inputs into the 
lake and unlike other input sources, the Metro’s flow stays relatively constant throughout the 
year, making the Metro a large source of possible pollution to the lake. Over the years, the Metro 
plant has undergone several renovations to increase its input capabilities and decrease its output 
of phosphorus and nitrogen which influence the formation of algae blooms and the 
eutrophication of the lake. Starting in 1998 the plant underwent a $459 million upgrade to 
improve the plant’s treatment capabilities, with most of the money going towards the reduction 
of ammonia and total phosphorus in the effluent to between 2.4 mg/L and 1.2 mg/L of ammonia 
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per day depending on the time of year and 0.12mg/L of phosphorus per day. To reach these 
limits, a biological aerated filter (BAF) system was added to the plant in 2004.1,11 
  The Syracuse sewer system has what is known as a Combined Sewer Overflow (CSO) 
system in which the storm runoff is routed to the Metro plant to be treated with the sewage 
before it is discharged into Onondaga Lake. This system works well under normal conditions 
(when flows combined to the plant are less than 240 mgd), however, when the area precipitation 
rate exceeds 0.10 in/hr the system cannot accommodate the increased flow, and the CSO is 
activated, which discharges the stormwater as well as untreated raw sewage directly into 
Onondaga Lake.16 This system was [is] a major pollution source to the lake (as in the summer 
there are often storms that exceed this precipitation limit) and by the mid-20th century there were 
approximately 90 (only 70 after 1970) overflow points along Onondaga Lake tributaries. 
However, the CSO have been overhauled in recent years to eliminate 32 CSO overflow points, 
leaving 29 that discharge during a 1-year or greater storm event, and 9 that will have screens to 
remove floating material. Based on this plan only an average of 180 million gallons of 
wastewater per year will be discharged through the CSO into the lake with most receiving some 
treatment.11 
1.4 Onondaga Lake Cleanup Processes 
Onondaga Lake and its tributaries were placed on the United States Environmental 
Protection Agencies Superfund National Priorities List (NPL) in 1994 with special attention 
focused on the release and potential releases of hazardous substances.1 After several years of 
studies, a final remediation plan was issued by the NYS-DEC and the US-EPA on July 1, 2005 
and was estimated to cost $451 million (to be paid for mainly by Honeywell Inc.). The plan 
included dredging and capping lake sediment hotspots, building a hydraulic control system along 
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the lake shore, and long term monitoring, with the ultimate goal of improving the quality of the 
lake and its shoreline for commercial and recreational uses and to reduced contaminant levels in 
fish.11 The map below (Figure 3) shows the entire Onondaga Lake superfund site as well as the 
location of the subsites being remediated.8  
 
Figure 3. Onondaga Lake Superfund Site and Subsites (adapted from Industrial Economics Inc.)8 
The most extensive remediation project undertaken on Onondaga Lake was the dredging 
and capping of Mercury (Hg) contaminated sediments. Dredging began in 2012 and was completed 
in November 2014 after 2.2 million cubic yards of material was removed from the southeast end 
of the lake (from lake bottom and the shore).11,17,18 The highly contaminated materials were 
segregated then treated and disposed off-site and the rest of the material was placed in sediment 
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consolidation areas at the sites of the old Solvay wastebeds (contained in a lined landfill type 
system with a leachate collection system and cover). An advanced water treatment plant was  
constructed along the lake shore to treat water collected during dredging.11 Sediment capping also 
began in 2012 when an isolation cap was layered on top the contaminated sediments to limit the 
amount of upward contaminant migration. Approximately 172 ha of lake bottom that was less than 
9.1m deep in the southeast part of the lake was covered with a thick multilayered isolation cap and 
approximately 64 ha of the lake bottom that was greater than 9.1m deep was covered in thin layer 
isolation cap.11 Capping was completed in November 2016 after 2.6 million cubic yards of cap 
material and a new habitat layer for fish and macroinvertebrates was installed.17  
Other cleanup activities in and around the lake included nitrate additions, buffer zone 
habitat recovery (87 acres of wetlands), hydraulic control system installments, soil washing (to 
remove mercury), and removal of chlorobenzenes from the Willis Avenue site wells.11,18 Nitrate 
additions were added to the remedy plan to aid in the natural recovery of the bottom and for the 
prevention of methylmercury (MeHg) formation (MeHg is formed through the methylation of Hg 
under anaerobic conditions and is very harmful to aquatic species, rapidly bioaccumulates up the 
food chain to humans) in the deep waters by injecting a liquid calcium-nitrate (Ca(NO3)2) solution 
into the hypolimnion. This treatment proved to be effective, as the NO3
- regulated the redox 
conditions within the hypolimnion and facilitated the mobility of free mercury (toxic trace metal) 
back into the water column where it would not be as toxic to wildlife.17,19,20 A hydraulic control 
system was placed along the southern shoreline to limit the groundwater entering the lake from 
the former Allied Chemical plant site. This system included a 4.6 m deep barrier wall along the 
shore that contained a collection trench and wells to collect groundwater. The groundwater was 
pumped to a treatment plant, built on the former Willis Avenue Plant site, where the water was 
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treated to remove heavy metals (through pH adjustment, flocculation, and filtration) and 
volatile/semi volatile organic chemicals (through air stripping and carbon adsorption). After 
treatment, the water was returned to the lake. The long-term monitoring and effectiveness of these 
remedies is also required to insure permanent success of the lake recovery.11 
Remediation was also undertaken at the former General Motors-Inland Fisher Guide Plant 
site and on Ley Creek. On site, hot spots in the landfill (containing elevated levels of chromium 
and PCBs) were excavated, then the landfill was capped to prevent further leaching of the 
remaining contaminants and contaminated soil was removed from a discharge swale (26,000 tons 
of soil with elevated levels of PCBs removed). A retention pond and water treatment plant was 
also constructed on-site during remediation to collect and treat accumulated storm sewer water 
before it was discharged into Ley Creek.18 The remediation of Ley Creek included the excavation 
and capping of contaminated soils and sediments along the lower portion of the creek and its 
floodplains. During excavation, dredged materials containing greater than 50 ppm PCBs were 
placed in a hazardous landfill off-site and materials containing less than 50 ppm PCBS but 
exceeded 1 ppm at the surface and 10 ppm in the subsurface (remedial levels) were consolidated 
onsite and covered with 12 inches of clean soil. After remediation a long-term monitoring program 
was instituted and all activities that could potentially expose contaminated materials were 
prohibited.15,18 
1.5 Organic Compounds 
Organic pollutants especially persistent organic pollutants (POCs) are ubiquitous in the 
air, water, sediments, soils, fauna, and wildlife (aquatic and terrestrial) around the world. POCs 
are of special concern due their toxicity, persistence, and ability to rapidly bioaccumulate. The 
POCs studied in this paper are polychlorinated biphenyls (PCBs), polycyclic aromatic 
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hydrocarbons (PAHs), chlorobenzenes, phenyl tolyl ethane (PTE), and phenyl xylyl ethane 
(PXE). 
1.5.1 Polychlorinated Biphenyls 
Polychlorinated biphenyls (PCBs) are synthetic organic halogenated aromatic 
hydrocarbons, first synthesized in 1881, and put into mass production and use in the United 
States and globally in 1929. 21–24 Approximately 600,000 metric tons of PCBs were produced 
domestically from 1929 until 1979 when PCBs were banned in the US under the Toxic 
Substances Control Act (TSCA), and greater than 1.5 million metric tons were produced globally 
(including the US) as of 1994 until the Stockholm Convention banned PCB production globally 
in 2001.21,22,24  
There are 209 possible congeners of PCBs formed when 1-10 chlorines are substituted at 
the ortho, meta, and/or para positions around a biphenyl ring (Figure 4), with the most commonly 
produced congeners those with either equal numbers of chlorines substituted on each ring or 
congeners where the rings differed by only one chlorine atom. However, not all the 
conformations were industrially manufactured due to the mechanistic and statistical factors 
preventing these conformations from forming during production (e.g. it is unlikely that one ring 
would be fully chlorinated while the other ring remained unchlorinated).21,25,26 PCBs in the 
United Sates were typically sold as Aroclor mixtures (e.g. A1242, A1248, A1254, and A1260 
where the mass percentage of chlorines they contained was represented by the last two numbers 
of the Aroclor (e.g. A1242 contains 42% chlorine by weight)) that were manufactured by the 
Monsanto Chemical Company.21,24,27 Aroclors with lower percent chlorine contained the smaller 
PCBs where as Aroclors with higher percent chlorine contained the larger, highly chlorinated 
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PCBs. A breakdown of the molecular composition of the four commonly produced Aroclors is 
shown in Table 3.25 
 
 
Figure 4. Polychlorinated Biphenyl Congener Template 
 
Table 3. Molecular Composition of Aroclors (adapted from Hutzinger)25 
 Presence (%) of empirical formula in Aroclor 
Empirical Formula A1242 A1248 A1254 A1260 
C12H9Cl 3    
C12H8Cl2 13 2   
C12H7Cl3 28 18   
C12H6Cl4 30 40 11  
C12H5Cl5 22 36 49 12 
C12H4Cl6 4 4 34 38 
C12H3Cl7   6 41 
C12H2Cl8    8 
C12H1Cl9    1 
 
Polychlorinated biphenyls were commonly used in industrial and commercial 
applications due to their chemical stability, resistance to breakdown, miscibility in organic 
solvents, non-flammability, and their low electrical conductivity. In the United States prior to 
1979, 75% of all PCB produced were used in transformers and capacitors as dielectric and heat-
transferring fluids, 10% of PCBs produced were used in plasticizers (paints, rubber products, 
adhesives, calk, etc.) and the other 15% of PCBs produced were used in pigments, dyes, 
carbonless copy paper, flame retardants, pesticides, and others.21–24,26,28,29 Due to the vast 
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applications and usages of PCBs within the US and worldwide it is unsurprising that they have 
become widely spread contaminants of fish and wildlife in waterways and sediments.23 However, 
the properties that make PCBs great for industrial use have contributed to their large 
environmental problems as they are stable in the environment and degrade slowly while 
undergoing global ecosystem cycling and transport.24,28,30 PCBs do not readily degrade or 
dissolve in aquatic ecosystems, but rather they bind tightly to particulate matter (specifically 
sediments where they remain available for resuspension for 8-15 years before they are 
sufficiently buried) due to their extreme hydrophobic characteristics.21,22,29   
PCBs are amongst the most persistent, widespread, toxic, and bioaccumulative 
environmental pollutants. PCB congeners that contain 5 to 7 chlorine atoms (112 congeners) 
bioaccumulate and biomagnify rapidly though aquatic food chains within the fatty tissues of 
organisms due to their high lipid solubility.21,25 Larger molecules (with more chlorines 
substituted) become tightly bound to soils and sediments making them less available to 
organisms, while smaller molecules (4 or less chlorines) are metabolized and eliminated from 
organisms quickly making them less likely to extensively bioaccumulate in the food chain. 
Although there are 209 PCB congeners there are only 36 that are of environmental concern due 
to their occurrence in environmental samples, abundance in animal tissues, and potential toxicity. 
The most toxic congeners are split into 4-groups, the groups descriptions and associated 






Table 4. Priority groups of PCB congeners of highest concern for environmental contamination 
based on potential toxicity, frequency of occurrence, and abundance30 
Group Description Congeners* 
1A Highest priority, most likely to contribute to adverse biological 
effects 
Pure 3-Methylcholanthrene type inducers 
Rare in environmental samples  
High individual toxicities 
77, 126, 169 
1B Highest priority, most likely to contribute to adverse biological 
effects 
Mixed-type inducers  
Reported frequently in environmental samples and relatively 
abundant 
105, 118, 128, 138, 
156, 170 
2 Known and predicted Phenobarbital-type Mixed-function 
oxidase inducers  
Relatively abundant in tissues  
87, 99 101 153, 
180, 183, 194 
3 Weak or non-inducers  
Occur frequently in environmental samples  
Most abundant in fish and invertebrate samples 
18, 44, 49, 52, 70, 
74, 151, 177, 187, 
201 
4 Mixed-type inducers  
Few reported environmental occurrences 
Low relative abundance in tissue samples 
Included due to potential for toxicity 
37, 81, 114, 119, 
123, 157, 158, 167, 
168, 189 
*Note: Congener names and structures are presented in Appendix D31 
Although, not acutely toxic to humans and wildlife, PCBs do have toxic effects that are 
both sublethal and chronic. The health effects to humans and wildlife caused by long term 
exposure to PCBs are cancer (classified as a human carcinogen by the International Agency for 
Research on Cancer), disturbances to the immune, neurological, reproductive, and endocrine 
systems and offspring developmental problems. Consumption of contaminated fish is the main 
source of PCB exposure for humans with exposure from air, water, soil, and house dust being 
other significant sources.21,22 Due to the chronic effects of PCB exposure, occupationally 
exposed workers (i.e., workers who produced PCBs or utilized PCB containing products) have 
been shown to exhibit more severe health effects than those that have been environmentally 
exposed. These health effects include chloracne dermal lesions, diverse liver responses 
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(including increases serum enzymes and lipids, and the induction of drug-metabolizing 
enzymes), decreased pulmonary function, eye irritation, decreased birth weight of offspring and 
increased cancer formation.24   
1.5.2 Aromatic Hydrocarbons 
Polycyclic aromatic hydrocarbon (PAHs) are the most common aromatic hydrocarbons 
found in the environment. They are most commonly produced through the incomplete 
combustion of organic matter thorough anthropogenic and natural processes, with incomplete 
combustion of biomass (e.g. wood), coal, and fossil fuels being the main sources.29,32–34 PAHs 
are a wide class of compounds of fused benzenoid rings (some also contain unsaturated four-, 
five-, and six-membered rings), and in their purest form are solids ranging in color from 
colorless to white or pale yellow-green.33,34 Like PCBs, PAHs are toxic and persistent in the 
environment and are generally hydrophobic and insoluble in aquatic environments. High 
molecular weight PAHs (4-6 aromatic rings) rapidly sorb to solid matrices and low molecular 
weight PAHs (2-3 aromatic rings) either sorb to matrices or are dissolved in the water column.32–
34 Most PAHs are lipophilic and therefore prone to bioaccumulation in aquatic animals through 
their lipid-rich tissues leading to toxic, carcinogenic and mutagenic effects.29,32 Humans are 
exposed to PAHs via breathing of contaminated air, consumption of contaminated food, and 
direct skin contact with PAHs through contaminated soil or products containing PAHs (e.g., 
heavy oils, coal tar, roofing tar, creosote, etc.), where they target fat tissues and organs like the 
kidney and liver.34 There are sixteen polycyclic aromatic hydrocarbons listed on the US-EPA’s 
priority pollutants list.29,32 The PAHs studied in this thesis are presented (including structure, 




Table 5. Polycyclic Aromatic Hydrocarbons35 
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Chlorobenzenes (CBs) are cyclic aromatic compounds where one or more hydrogen 
atoms of a benzene ring have been replaced by a chlorine atom. There are no natural sources of 
CBs, therefore CBs found within the environment are released during the production of other 
chemicals (CBs are used as intermediates for several chemical syntheses), or from their use (and 
subsequent disposal in incinerators and hazardous waste sites) as deodorizers, fumigants, 
degreasers, pesticides, and defoliants.36 Due to the large production of CBs throughout the world 
(e.g., ~200,000 metric tons produced in the US in 1978), they are ubiquitous throughout the 
aquatic environment and are found in waste water, rivers, lakes, fish, and plants as they have low 
solubility in water (decreases with increasing chlorination) and they do not readily photodegrade, 
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biodegrade (less chlorinated CBs do have some oxidative dichlorination through aerobatic 
degradation by microbes) or hydrolyze in the aquatic environment.36,37 Unlike other prevalent 
aquatic environmental pollutants, CBs are likely to volatilize into the atmosphere due to the 
physiochemical properties, however, with increasing chlorination the affinity of the CB to bind 
or sorb to organic rich soils/sediments also increases.36,38  
Due to the potential of chlorobenzenes to be hazardous to the environment, CBs are 
recommended as candidates for priority testing under the Toxic Substance Control Act (TSCA) 
and are considered to be moderately toxic and mutagenic.37,38 Aquatic toxicity and 
bioaccumulation increase with increasing chlorination with monochlorobenzene being the least 
toxic and 1,2,3-trichlorobenzene being the most toxic. The general order of toxicity (depending 
on the species) is monochlorobenzene (least toxic) 1,2-dichlorobenzene, 1,4-dichlorobenzene, 
1,2,4-drichlorobenzene, then 1,2,3-trichlorobenzene (most toxic). Studies of aquatic organisms 
show a decrease in reproduction rate and liver damage after long term exposure to CBs, also 
photosynthesis and growth inhibition have been noted in algae.38 In humans, CBs exposure 
causes redness, pain and dry skin, coughing, drowsiness, sore throat, and nausea but they are not 
known to be carcinogenic.36 
The chlorobenzenes (CBs) studied in this research were 1,2-dichlorobenzene (1,2-DCB), 
1,4-dichlorobenzene (1,4-DCB), 1,2,3-trichlorobenzene (1,2,3-TCB), 1,2,4-trichlorobenzene 
(1,2,4-TCB), and 1,3,5-trichlorobenzene (1,3,5-TCB) (Figure 5). 1,2-DCB was used in chemical 
synthesis and as a solvent in the automotive and metal industries to remove carbon and grease 
from metal parts. 1,4-DCB was used in air fresheners, urinal deodorants, moth/bird repellents, 
and as an intermediate in chemical production. TCBs were used as components of dielectric 
fluids, but the use of TCBs was mainly restricted to 1,2,4-TCB which was used in dye carriers, 
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degreasing solvents, oil additives, septic tank and drain cleaners, wood preservatives and 
abrasive formulations, as well as in the formulation of pesticides.36 
 
Figure 5. Molecular structure of several chlorobenzenes 
1.5.4 Other Relevant Compounds 
There are two unique compounds found within Onondaga Lake, they are 1-phenyl-1-(4-
methylphenyl)-ethane (PTE = phenyl tolyl ethane) and 1-phenyl-1-(2,4-dimethylphenyl)-ethane 
(PXE = phenyl xylyl ethane) (Figure 6). These compounds were generated as by-products during 
the BTX coal process at Allied Chemical’s (Solvay Inc.) Benzol Plant. In this process destructive 
distillation of coal produced a light oil fraction (containing benzene, toluene, xylenes, and 
styrene), that was further treated by rinsing with sulfuric acid to eliminate alkenes. However, the 
acid wash catalyzed a reaction between styrene with toluene to form PTE and with m-xylene to 




Figure 6. Molecular Structure of PXE and PTE 
1.6 Analytical Extraction Techniques 
Several types of extraction techniques have been developed to extract hydrophobic and 
persistent organic compounds (e.g., PCBs, PAHs, chlorobenzenes) from dried freshwater and 
marine sediments (and other environmental matrices) for chemical analysis. Classical extraction 
techniques include Soxhlet, ultrasonic agitation (sonication) and shaking, and newer methods 
include microwave assisted extraction (MAE), supercritical fluid extraction (SFE), and 
accelerate solvent extraction (ASE) all of which are EPA approved extraction methods.40–45 A 
summary of the above listed methods including general advantages and disadvantages of each is 
shown in Table 6.  Liquefied dimethyl ether (DME) is a less commonly used method of organic 
compound extraction, which was too complex and expensive and therefore were not considered 
for this research.46  
Soxhlet is the commonly used technique for soil and sediment extraction. This method 
takes larger quantities of dried sediment (~3-10g) and extracts compounds from the sample using 
a glass-fiber thimble and a distillation flask filled with an organic solvent (n-hexane is commonly 
used for organic pollutants) through multiple evaporation-condensation cycles of the solvent 
over the sample matrix for approximately 24 h. The solvent extract is then concentrated for 
instrumental analysis. The advantages of this extraction technique are that the sample is 
continually in contact with fresh solvent throughout the extraction process leading to increased 
removal of pollutants from the sample, a filtration step is not required after extraction unlike 
28 
 
other methods, and the equipment is basic and inexpensive therefore the method does not require 
specialized training. However, the disadvantages of this method include large solvent waste 
(~300 mL used per extraction), lengthy extraction time, solvent selectivity, and the possibility of 
thermal decomposition of organic pollutants due to the samples being extracted near the boiling 
point of the solvent.40,41,45 
Sonication and shaking are two other common and simple techniques used by researchers 
for organic pollutant extraction. For sonication, dried sediment (~2-5g) is placed in a vial or flask 
(with a Teflon lid) with ~50 mL of solvent (e.g., n-hexane, dichloromethane, acetone) shaken for 
2 min and then placed in a sonicator bath where the extracted solvent is sonicated for 2 h 
continuously and intermittently every hour thereafter for 10 min (for most PAH’s for example 
the optimal extraction period is 8 h).44 The major advantages of sonication are the decreased 
solvent use and decreased extraction period. However, unlike other methods this technique is 
more labor-intensive requiring attention every hour. Shaking is a simple and inexpensive method 
of organic pollutant extraction where 1-3 g of dried sediment is placed in a Teflon-capped vial 
containing a solvent and shaken using a mechanical shaker for 2 – 24 h depending on the solvent 
used. Once extracted the solvent is then separated from the sediment and filtered through Florisil 
to remove small sediment particles and to remove polar residues in the sample. The biggest 
advantages of this extraction method are the ease of use and the inexpensive equipment that is 
required. However, due to the necessary filtration step, there is more handling of the sample than 
other methods.40,42,47   
In recent years, newer, more automated extraction techniques have been developed 
including microwave assisted extraction, supercritical fluid extraction, and accelerated solvent 
extraction. Microwave assisted extraction (MAE) was originally used for the mineralization of 
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samples but has most recently been applied to the extraction of organic compounds from 
environmental matrices (soils, sediments, water, vegetables, animal tissues, etc.). MAE uses 
microwave energy to heat an extractant (traditional organic solvents) which is in contact with 
said environmental sample to rapidly extract the targeted compounds (solvent reaches its boiling 
point quickly) without heating the vessel. There are two types of MAE, pressurized (PMAE) and 
focused (FMAE): PMAE is a closed vessel diffused microwave system which is under controlled 
pressure and temperature, and FMAE is an open vessel focused microwave system which is 
under atmospheric pressure. FMAE can be used to extract several larger samples (i.e., larger 
mass and/or volume) at a time, and PMAE can be used to extract up to 14 smaller samples at a 
time. For both MAE extraction methods, temperature, microwave power, and extraction time all 
play an important role in extraction efficiency. Advantages of MAE include lower solvent use, 
decreased extraction time, multiple extractions at a time, and higher efficiency with improved 
recovery and repeatability compared to conventional methods (for most matrices). However, 
MAE requires specialized equipment and an operator that has been trained in how to safely use 
and operate the MAE equipment. MAE also requires a filtration step to separate the solvent from 
the matrix.40,42 Supercritical fluid extraction (SFE) is an automated system which uses a fluid 
(generally CO2) at an elevated temperature and pressure to extract compounds from a matrix. 
The enhanced diffusion and low viscosity achieved under the supercritical state leads to rapid 
compound extraction that has high selectivity and efficiencies.42,48 Accelerated solvent extraction 
(ASE) uses liquid solvents at elevated temperatures and pressures (up to 200°C and 200 bar) to 
increase solubility, desorption, and diffusion leading to faster extractions with less solvent use 




Research has shown that all the extraction techniques have similar recoveries in terms of 
organic compound extraction. A study by Cicero, et al.40 compared Soxhlet, shaking, and MAE 
for extracting PCB congeners from marine sediments. They showed that the recoveries from 
each technique were in general very similar (not statistically different); however, MAE showed 
better reproducibility when compared to the other two methods. This study also showed that 
Florisil clean-up lowered recoveries slightly, but deemed it a necessary step for identifying PCB 
congeners in sediments40 (Florisil has been shown to help separate PCBs from other chlorinated 
organic compounds such as DDT).25 In another study done by Guerin44 sonication and Soxhlet 
methods were compared for the extraction of PAHs from clay soils. The study showed that 
sonication had slightly higher recoveries of PAHs (significantly different at 5% level of 
significance), specifically for PAHs of lower molecular weight that were more volatile (i.e. 
naphthalene, acenaphthene, and acenaphthylene) due to the higher temperatures of the Soxhlet 
extraction volatilizing those smaller compounds.44 Finally, a large study by Camel42 compared 
MAE to Soxhlet, SFE, and ASE for the extraction of organic compounds from several 
environmental matrices. The study showed that MAE has comparable extraction efficiencies (no 
statistical differences in terms of concentration) to all other methods, by comparing the 











Table 6. Summary of extraction techniques including advantages and disadvantages in 




















·Sample in continual 
contact with fresh solvent 
·No filtration necessary  
·Simple to use 
·Good Recoveries  
·Long extraction time 
·Large sample volume 
·Sample must be 
concentrated after 
extraction 
·Solvent selectivity  
·Possible thermal 
decomposition  
·Not automatable  










·Shorter extraction time 
·Low-cost equipment  
·Simple to use 
·Lower solvent use 
·Good Recoveries  
 
·Sample must be 
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·Simple to use 
·Inexpensive  
·Lower solvent use 
·Good Recoveries  
·Small amount of sample 
·Sample must be 
concentrated after 
extraction 
·Filtration step required 
·More hands on  











·Lower solvent use 
·Shorter extraction time 
·Multiple extractions 
·Higher efficiencies  
·Good recoveries  
·Small amount of sample 
·specialized equipment 
required   
·Filtration step required  
·Training required 
·Solvent selectivity  











·High selectivity  
·High efficiencies  
·Low solvent use 
·No filtration required 
·Can be automated  
·High cost of 
equipment  
·Training/care required 
·Large number of 
parameters to optimize  
ASE 10-20 min 15-60 ·Rapid extraction 
·Low solvent use 
·Good recoveries  
·No filtration required  






Although Soxhlet is the preferred method of extraction for most researchers, shaking was 
chosen as the extraction method for this research due to the large number of samples used during 
this research, many that only had ~1.5g or less of sample available for extraction. Shaking 
allowed approximately 10 samples (of small mass) to be extracted at one time whereas 
equipment availability of size appropriate thimbles would have allowed only a few samples to be 
extracted at one time using Soxhlet. Also, although MAE is the best available method for 
extracting large quantities of samples at a time, the high cost of obtaining the necessary 
equipment priced this option out of use for this research. Both SFE and ASE were therefore not 
considered for this research due to high equipment cost and complexities of the methods. 
1.7 Research Questions  
1. Can patterns in historical organic compound concentrations be used to determine 
significant industrial events around Onondaga Lake?  
2. What are the surficial sediment concentrations of organic compounds within the 
Onondaga Lake sediments and are these concentrations below the New York State 
Department of Environmental Conservation’s (NY-DEC) Sediment Guidance Values 
(SGV)? 
1.8 Research Objectives 
The objective of this thesis was to determine the historical and surficial sediment 
concentrations of organic compounds (PCBs and aromatic hydrocarbons) in Onondaga Lake 
sediments. By using a dated sediment core with a high temporal resolution, I expected to identify 
sources of possible organic compound contaminants to the lake by comparing the time of 
appearance of distinct organic compounds to historical events that occurred within the basin. 
Surficial sediment concentrations were determined to establish if the organic contaminant 
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concentrations within the top layer of the sediments are below the currently accepted NY-DEC 























CHAPTER 2: MATERIALS AND METHODS 
2.1 Materials and Standards  
Solvents used in this study included hexane (OmniSolv®, 64% n-hexane), 
dichloromethane (Macron Fine Chemicals TM), and iso-octane (Burdick & Jackson TM, high 
purity solvent). Other chemicals used were 325-mesh copper powder (Alfa Aesar, Thermo Fisher 
Scientific) and 60-100 mesh Florisil (Fisher Scientific). 
The PCB standards used were Aroclor kits 1242 and 1260 in iso-octane (Supleco, Sigma-
Aldrich®). Aromatic hydrocarbon standards used were 1,2,3-trichlorobenzene (Sigma-
Aldrich®), 1,2,4-trichlorobenzene (Sigma-Aldrich®), 1,3,5-trichlorobenzene (Sigma-Aldrich®), 
Phenyl xylyl ethane (PXE) (synthesized and isolated in-house), phenyl tolyl ethane (PTE/o-PTE) 
(synthesized and isolated in-house), polynuclear aromatic hydrocarbons mix (AccuStandard®, 
Inc.), and a purgeable-EPA Method 624 mix (AccuStandard®, Inc.) all in toluene. Mirex, 1-
ethylnaphthalene, 2-ethylnaphthalene, and eicosane were used as internal standards.   
2.2 Sampling Methods  
A 184-cm long sediment core was provided by the Upstate Freshwater Institute (UFI) and 
the New York State Department of Environmental Conservation (NYS DEC). The core was 
recovered from the deepest point in the southern basin of Onondaga Lake (south deep - 43° 
04.800’ N, 76° 11.868’ W) on June 7, 2011 by the NYDEC with the assistance of UFI using a 
vibracorer with a 10 cm ID plastic coring tube. The core was kept vertical for transportation and 
placed on ice 2 h after collection. The location of the core is shown by the map below in Figure 




Figure 7. Onondaga Lake bathymetric map with the location of the sediment core in the southern 
basin (adapted from Rowell).49 
 Surficial sediment sampling occurred in October 2016. Samples were taken at the deepest 
locations in both the southern and northern basins (south deep and north deep respectively) of the 
lake as well as at four additional locations within the southern basin and three additional 
locations within the northern basin. Samples were not taken from areas within the lake that had 
been recently dredged and/or capped as, theoretically, all contaminants have been removed or 
buried at those locations. Sample location coordinates and specific sample notes can be found in 
Appendix A and Figure 8. Samples were collected using a Wildco Petite Ponar sediment dredge 
sampler, the dredged sediment was then subsampled at two different spots in the dredged 
material using a shortened plastic core sampler approximately 6.3 cm in diameter and 15 cm in 
length, by hand pushing the corer into the center of the dredged sediment. The plastic cores were 
then capped at both ends and transported/stored vertically until analysis. At the Ley Creek outlet 
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and Southeast Corner locations (i.e., areas where the sediment was located within the lake’s 
photic zone) a sediment core could not be taken, as the sediment was mixed with rocks and 
quagga mussel/zebra mussel shells that did not allow the Ponar sampler to penetrate deep into 
the sediments, therefore only a grab sample was taken. The sediment cores were stored in the 
corer liner tube and the grab samples were placed in glass jars and stored at in the dark at 4°C 
until processing.  
 
Figure 8. Onondaga Lake surficial sediment sampling locations for October 2016 
2.3 Sample Processing 
The core was processed by the NY-DEC with the assistance of UFI. The core was split 
lengthwise and opened for visual analysis where straight laminations consisting of alternating 





in the sample core cross section shown in Figure 9. The light (calcite dominant) and dark (clay 
dominant) couplet laminations are a result of the seasonal pattern of particle deposition within 
the lake. During the spring, summer, and fall, oversaturation of calcite occurs leading to a higher 
deposition of calcite particles, whereas, during the cooler and higher-runoff months clay and 
quartz minerogenic particles from the watershed dominate deposition. Due to these distinct 
patterns of deposition, lamination years could be determined using visual analysis of these 
couplets and were dated using the 137Cs radioisotopes distinct horizons in 1959 and 1954. 
Analysis of the couplets between these horizons indicated that each couplet (light and dark 
laminations) corresponded to 1 year. After visual analysis, the sediment core was subsampled 
based on the lamination couplets using a thin metal plate starting at the top of each light 
lamination from 3 to 103 cm and 120 to 129 cm depth based on the observed sediment layering. 
From 0 to 3 cm, 103 to 120 cm, and 120 to 129 cm samples were taken at 1-cm intervals.10,49 All 
core sections were dried in an oven at 35°C, under air filtered through a column of Florisil before 
being ground with a mortar and pestle and stored in airtight scintillation vials with Teflon-lined 
caps.49 For this thesis, limited sediment samples (~1.0 to 1.5 g) of core sections from the years 
2011 (0 to 0.5 cm), 2009 (2 to 3 cm), 2006-1920 (laminations L1 to L87), and 1841 (139 to 140 
cm) were received. A sample was also received from the core bottom (178 to 179 cm), which can 
only be labeled as older than 1822 as the samples were only dated back to 1822 (~145 cm).49 The 
core bottom and 1841 samples were used a sediment blanks because they are from time prior to 




Figure 9. Labeled laminations of a section of the vibration core taken from South Deep, the 
laminations refer to individual years (e.g., L40 corresponds to the year 1967). This core photo 
was provided by Chandler Rowell with the core samples) 
The small surficial sediment cores, that were collected in October of 2016, were carefully 
pushed out from the bottom of the tube to reveal the top layer of sediment then cut so that only 
the top layer of sediment (the true surficial sediment) was collected. The top layer was selected 
via color visualization (top layer sediments were lighter than older sediments that had been 
reduced and darkened over time). These surficial sediment samples were dried on watchglasses 
in a fume hood for 3 d. The samples were then ground into a fine powder using a mortar and 
pestle to allow for optimal extraction of organic compounds and placed in glass vials with Teflon 
lined caps for storage until extraction. 
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To extract the organic compounds from the core samples and surficial samples, a 1:20 
(g/mL) ratio of dry sediment to dichloromethane (DCM) was used (when possible ~1.5 g of 
sediment was extracted using 30 mL of DCM). The samples were shaken for 24 h using a 
mechanical shaker. The extraction solvent was then transferred to a concentration tube with 2 
mL of hexane and concentrated to 1.5 mL by bubbling with a nitrogen stream. Since Onondaga 
Lake sediments have high amounts of elemental sulfur, sulfur removal was necessary for all 
samples. Elemental sulfur was removed using EPA Method 3660B where, ~2.0 g of clean copper 
powder (cleaned using dilute nitric acid to remove oxides, rinsed with deionized water, then 
acetone, and dried under a nitrogen stream) was placed in a small glass vial with the 
concentrated sample extract and shaken for 2 min on the mechanical shaker.50 Fine sediments 
and particles were removed by eluting the sample extract though a pipette column of glass wool 
and ~2.5 cm of packed Florisil (Figure 10) using a 10-mL eluent of 10% DCM in hexane. 
Samples were concentrated to 2.0 mL by bubbling with a nitrogen stream and placed in a GC 
auto injector vial.5  
 
Figure 10. Florisil column 
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All surficial sediment samples were extracted in duplicate for quality control and quality 
assurance. Due to sediment core mass limitations, only five of the ninety samples were analyzed 
in duplicate. Of these five samples four were chosen at random (using an online randomizer) for 
the years that PCB production and use was at its peak (1930 – 2000), and one sample was chosen 
at random from the older sediments (core bottom – 1929). The following sample years were 
analyzed in duplicate: 1981, 1966, 1950, 1938, and 1921.  
2.4 Samples Analysis  
Polychlorinated biphenyls were analyzed using a Varian Star 3400 CX gas 
chromatograph with an electron capture detector (GC-ECD) with a 30 m long, 0.32 mm internal 
diameter SE-54 fused silica column, helium as the carrier gas, and nitrogen as the make-up gas 
for the detector. The following conditions and temperature program were used: injected volume 
2µL, injector temperature 250°C, detector temperature 270°C, temperature program-initial 
temperature 50°C, held for 2 min, ramp at 5°C/min to 250°C, held for 10 min for a total time of 
52 min (a complete list of the GC-ECD conditions is shown in Appendix B). The PCB congeners 
present in each sample were determined during analysis based on the Aroclor 1242 and Aroclor 
1260 fingerprints characterized by Schulz, et al.31 (Appendix C) and weight percent 
contributions of individual congeners (Appendix D). Schulz identified 87 chromatographic 
domains (i.e., peaks) that are base line separated from neighboring domains, each containing 
either one well-resolved congener peak or a cluster of unresolved congener peaks. The domains 
were numbered 1-87 to allow for comparison between commercial mixtures and for a systematic 
description of the compositions in various mixtures. He determined that in the commercial 
mixtures, the retention times are characteristic of each domain and only vary slightly depending 
on the relative concentrations of the individual congeners.31  
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Aromatic hydrocarbons and chlorobenzenes were analyzed using a Hewlett Packard 5890 
Series II gas chromatograph with a model 5972 mass spectrometer (GC-MS) with a Rxi PAH 
(Restek, 5% phenyl PDMS fused silica, Cu coating) 30 m long column with a 0.25 mm internal 
diameter and helium as the carrier gas (constant pressure of 13.5 psi). The following temperature 
program was used: initial temperature: 40ºC for surficial sediment samples and 50°C for core 
samples (the initial temperature was increased after surficial sediment analysis to improve peak 
resolution), held for 5 min, ramp at 5°C/min to 290°C, held for 10 min. Two microliters of 
sample were injected for the 40ºC program initial temperature and one microliter of sample was 
injected for the 50ºC program initial temperature. 
Aroclor 1242 and Aroclor 1260 in isooctane were analyzed separately as PCB standards. 
The standards and compounds that were used for aromatic hydrocarbons analysis were 
acenaphthene, acenapthylene, anthracene, benz(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, 
dibenz(a,h)anthracene, fluorathene, fluorene, indeno(1,2,3-cd)pyrene, naphthalene, 
phenanthrene, pyrene, 1,2-DCB, 1.3-DCB, 1,4-DCB, 1,2,3-TCB, 1,2,4-TCB, 1,3,5-TCB, PXE, 
PTE, and o-PTE all in toluene. Four standard solutions were analyzed on both the GC-ECD and 
the GC-MS. These standard solutions are shown in appendix E and appendix F, respectively.  
Prior to gas chromatography analysis, samples were spiked with10-µL of 0.1µg/mL of 
mirex [internal standard] for GC-ECD analysis and 10 µL of internal standard solution 
containing 1260 µg/mL 1-ethylnaphthalene, 1630 µg/mL 2-ethylnaphthalene, and 1080 µg/mL 





2.5 Data Analysis 
Organic Compound Concentration Calculations 
Concentration of individual PCB congeners in both the standards and samples were 
determined using equations 1-3. Equation 1 was used to calculate the individual congener 
concentrations within both the Aroclor 1242 and Aroclor 1260 standards where: [standard] (total 
PCB concentration of the standard Aroclor (i.e., 10µg/mL, 5µg/mL, 1µg/mL, and 0.5 µg/mL)) is 
multiplied by the weight % of the congener in the Aroclor (weight % of each congener in the 
Aroclor are shown in appendix D) and divided by 100.  
𝐶𝑜𝑛𝑔𝑒𝑛𝑒𝑟 [ ] 𝑖𝑛 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 =
[𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑]×𝑤𝑒𝑖𝑔ℎ𝑡 % 𝑐𝑜𝑛𝑔𝑒𝑛𝑒𝑟 𝑖𝑛 𝑎𝑟𝑜𝑐𝑙𝑜𝑟
100
                   (1) 
Equation 2 was used to determine the congener weight percent in each domain 
(chromatograph peak) which was necessary as several domains contain more than one congener. 
For the calculation, the weight % of the congener in the Aroclor (Appendix D) was divided by 
the sum of the weight % for each congener within the domain then multiplied by 100. For this 
calculation, the assumption was made that weight percent of the congener in the Aroclor is 
equivalent to the weight percent of the congener in the domain.  
𝐶𝑜𝑛𝑔𝑒𝑛𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 % 𝑖𝑛 𝑑𝑜𝑚𝑎𝑖𝑛 =
𝑤𝑒𝑖𝑔ℎ𝑡 % 𝑐𝑜𝑛𝑔𝑒𝑛𝑒𝑟 𝑖𝑛 𝑎𝑟𝑜𝑐𝑙𝑜𝑟
∑ 𝑤𝑒𝑖𝑔ℎ𝑡 % 𝑐𝑜𝑛𝑔𝑒𝑛𝑒𝑟 𝑖𝑛 𝑎𝑟𝑜𝑐𝑙𝑜𝑟 𝑓𝑜𝑟 𝑑𝑜𝑚𝑎𝑖𝑛
× 100       (2) 
To determine the individual congener area from the domain peak area, equation 3 was 
used, where the domain peak area (determined by chromatograph analysis) was multiplied by the 
weight percent congener in domain (determined by equation 2) and divided by 100. This 
calculation assumed that the individual congener area within the domain was directly 
proportional to the weight percent of that congener within the domain.  
𝐶𝑜𝑛𝑔𝑒𝑛𝑒𝑟 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 =  
(𝑑𝑜𝑚𝑎𝑖𝑛 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎)×(𝑤𝑒𝑖𝑔ℎ𝑡 % 𝑐𝑜𝑛𝑔𝑒𝑛𝑒𝑟 𝑖𝑛 𝑑𝑜𝑚𝑎𝑖𝑛)
100
              (3) 
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The individual PCB congener concentrations and the concentrations of the other organic 
compounds studied were calculated using linear regression based on the standards y = mx + b 
curve. The concentrations of the compounds were then converted from micrograms per milliliter 









= 𝑝𝑝𝑚             (4) 
The total PCB (tPCB) concentration in a sample was determined by adding together the 
concentration of each individual congener found in both Aroclor 1242 and Aroclor 1260. An 
average concentration was used for congeners that are present in both Aroclors.  
Detection Limit Determination 
 The instrument detection limit was determined for each compound and PCB domain 
studied using equation 5. For each compound, the detection limit was determined by measuring 
the peak area at the compound’s retention time in each solvent blank (hexane and isooctane). The 
average peak area measured for the blanks and the associated standard deviation (σ) was then 
calculated. The detection limit was then calculated by multiplying the standard deviation of the 
blank response by three and adding the average blank response. Compound peak areas and PCB 
domains that measured below the peak area detection limit for the compound were then 
eliminated from analysis. For this report (to have a quantifiable value), compound detection 
limits were calculated in terms of µg/mL of sample extract via the compound’s standard curves 
and the detection limits of individual PCB congeners were also calculated using the procedure 
described in equations 3 and 4, also in terms of µg/mL of sample extract. Detection limits for the 
organic compounds analyzed by GC-MS are shown in Appendix G and detection limits for the 
PCB congeners analyzed by GC-ECD are shown in Appendix H.  
𝐷𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 𝐿𝑖𝑚𝑖𝑡 = 𝑎𝑣𝑔. 𝐵𝑙𝑎𝑛𝑘 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 + 3(𝜎)            (5) 
44 
 
Sediment Guidance Value (SGV) 
The sediment guidance value (SGV) is defined by the NY-DECs Division of Fish, 
Wildlife, and Marine Resources Bureau of Habitat as “the numeric concentrations of individual 
contaminants in sediments used to classify sediment based on the potential for adverse impacts to 
aquatic life” (i.e. toxic sediments (contaminated) or non-toxic sediments (relatively 
uncontaminated)) in the June 2014 Screening and Assessment of Contaminated Sediment 
Guide.51 The SGV divides contaminated sediments into three categories based on the 
concentration of contaminates and their potential for toxicity. The Classes are defined as follows:  
Class A:  The concentration of a contaminant within the sediment is below the 
defined SGV and therefore presents a low risk to aquatic life (non-toxic).  
Class B: The concentration of a contaminant within the sediment lies between the 
two extremes (above the upper limit of Class A and below the lower limit of Class 
C) and is therefore considered to be slightly to moderately contaminated. This 
class requires additional testing based on site specific conditions (i.e., 
contaminant mixtures and sediment composition) to determine the risk factor to 
aquatic life.  
Class C: The concentration of a contaminant within the sediment is above the 
defined SGV and therefore is considered highly contaminated and likely to pose a 
risk to aquatic life in regards to that specific contaminant (toxic).51  
Freshwater SGVs have been determined for most of the compounds analyzed in this 
study and those values are shown in Table 7. The SGV for specific compounds, however, 
assumes that the sediment contains a single dominating chemical contaminant that may harm 
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aquatic life, in nature though, most contaminated sediments contain mixtures of contaminants 
that may have additive effects, making it more difficult to determine which compounds will have 
the most adverse impacts on biota (e.g., chlorobenzene and PCB mixtures). Since PAHs are 
ubiquitous in the environment as complex mixtures with additive effects the SGV shown in 
Table 7 is representative of the tPAH concentration of 34 individual PAH compounds (18 
specific non-alkylated compounds and 16 generic alkylated forms) that are analyzed for in 
sediment. The SGVs for individual PAHs are listed in Table 7, however these values are based 
on the 34 individual PAH’s KOW and the assumption that there is 2% total organic carbon (TOC) 
within the sediment and are not broken into the three classes51. The SGV was used in this study 
to determine if the concentrations of the analyzed compounds within the surficial sediment are 





















Total PCB < 0.1 0.1 - 1.0  > 1.0 
Chlorobenzenes 
CB < 0.2 0.2 - 1.7 > 1.7 
1,3-DCB < 1.8 1.8 - 7.1 > 7.1 
1,4-DCB < 0.72 0.72 - 3.3 > 3.3 
1,2-DCB < 0.28 0.28 - 2.5 > 2.5 
1,3,5-TCB N/A N/A N/A 
1,2,4-TCB < 35.0 35.0 - 55.0 > 55.0 
1,2,3-TCB < 0.23 0.23 - 2.8 > 2.8 
Polycyclic Aromatic Hydrocarbons 
Total PAH < 4.0 4.0 - 35.0 > 35.0 
                                                            
  (PAH SGV ug/g sediment with 2% Total 


















o-PTE N/A N/A N/A 
PTE N/A N/A N/A 
PXE N/A N/A N/A 
 
Multi-Linear Regression Analysis  
Multi-Linear regression analysis was used to determine which PCB Aroclor (1242, 1254, 
or 1260) if any were shown to be in higher prevalence within the core sediment samples and the 
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surficial sediment samples. The largest ten congeners were used for this analysis, based on 
weight percent, from each Aroclor (Table 8). The standard concentration (10 µg/mL Aroclor 
standard) of each congener and the sample concentration of each congener was normalized to 1 
(i.e., for A1242, A1254, A1260, and the sample) using equation 6. This was done to bring all the 
variables to a common scale without distorting the differences in the ranges. The analysis was 
then completed using Microsoft Excel’s regression function within the data analysis pack. For 
the analysis, the following parameters were used: y range = sample, x range = A1242, A1254, 
and A1260. The regression outputs were the coefficient and the upper and lower 95% confidence 
intervals. This method was based on a regressive pattern matching algorithm called COMSTAR 
(complex mixture statistical reduction), which is a computer program that determines the likely 





= 1                           (6) 
Table 8. Congeners used in the multi-linear regression analysis 
A1242 A1254 A1260 
Congener Weight %* Congener Weight %* Congener Weight %* 
8 7.65 49 3.60 101 5.02 
18 6.28 52 5.18 132 3.69 
22 3.41 87 3.78 138 6.13 
28 6.52 95 6.02 149 7.83 
31 4.59 99 3.60 151 3.67 
33 4.79 101 7.94 153 10.80 
44 3.20 105 3.83 170 3.91 
49 3.60 110 5.85 174 3.85 
52 4.04 118 6.39 180 7.12 
70 3.89 153 4.26 187 3.97 





CHAPTER 3: RESULTS 
3.1 Introduction  
The purpose of this work was to determine the historical and surficial sediment 
concentrations of organic contaminants known to have been present within Onondaga Lake, 
including polychlorinated biphenyl’s (PCB’s), chlorobenzenes, polycyclic aromatic 
hydrocarbons (PAH’s), and other aromatic hydrocarbons. Surficial sediment samples were taken 
from various locations within the lake in October 2016 and were chosen to give a representative 
analysis of the lake sediments excluding the area that was recently dredged and capped during 
ongoing remediation efforts. Five locations were sampled in the Southern Basin and four 
locations sampled in the Northern Basin. Historical sediments were determined by using dated 
subsections of a 184-cm long vibra sediment core taken at South Deep in 2011 by the Upstate 
Freshwater institute and the NY-DEC.  
3.2 Surficial Sediments 
For this thesis, the subsampled cores were used for determining the organic compound 
concentrations within the surficial sediments except for two sites (refer to Figure 9 for sampling 
locations); Ley Creek Outlet (LCE) and Southeast Corner (SEC), where only grab samples were 
collected (samples consisted of mainly sandy/rocky sediment, vegetation, and zebra mussels). 
The average sample masses used for each site and the extraction notes for each sample are shown 







Table 9. Surficial sediment sample masses (Refer to Figure 8 for sample locations) 




Ley Creek Outlet (LCE) LCE_01A 1.5040 1.5045 
LCE_01B 1.5050 
 
South Center (SC) 
SC_01A 1.5023  




South Deep (SD) 
SD_05A 1.5007  




South East Corner (SEC) 
SEC_01A 1.5014   




Southeast Shore (SES) 
SES_01A 1.5028  




Northeast Shore (NES) 
NES_01A 1.5026  




North Deep (ND)  
ND_01A 1.5017  




Northwest Shore (NWS)  
NWS_01A 1.5018  




Lake Outlet (LO)  
LO_01A 1.5013  








3.2.1 Polychlorinated Biphenyls 
After analysis of the core sample and surficial sediment sample chromatograms and 
Aroclor 1242 standard chromatograms from the GC-ECD, it was determined that there were 
several early eluting PCB domains (peaks) that did not follow the fingerprint pattern of Aroclor 
1242, from either instrument contamination (evident by their presence in the bottom core 
sediment blanks) or unidentified coeluting compounds. To ensure accurate reporting of results, 
these domains (and their associated congeners) were removed from further data analysis. The 
domains removed from analysis were, domain 1 (congeners 4 and 10), domain 2 (congeners 7 
and 9), and domain 21 (congeners 47, 48, and 75). The 10 µg/mL A1242 standard is shown in 
Figure 11 and an example of a sediment sample (sample OVL2 R1858AJ, year 1973), with the 
domain peaks in question, is shown in Figure 12. Domain 27 (congener 40) was also removed 
from analysis due to sulfur peak interference in the most contaminated sediments (sulfur removal 
via copper was effective in low pollution years but not wholly effective in high pollution years, 
as evident by the presence of S8 remaining in those samples). 
 
Figure 11. Aroclor 1242 10 µg/mL Standard GC-ECD Chromatogram (where D# means domain 






Figure 12. Sediment sample OLV2 R1858AJ (Year 1973) Chromatogram (where D# means 
domain number as defined by Schultz)31 
Polychlorinated biphenyls were detected in the surficial sediments at each site in the 
Northern (Figure 13) and Southern (Figure 14) basins of Onondaga Lake (Table 10). There was 
only one site, South Center in the Southern Basin, that had a tPCB concentration above the SGV 
Class C classification lower limit of 1.0 µg/g. In the Northern Basin, the Northeast Shore and 
North Deep sites had tPCB concentrations within the Class B classification (0.1 µg/g to 1.0 
µg/g), and the Northwest Shore and Lake Outlet sites had tPCB concentrations below the upper 
limit of the Class A classification of 0.1 µg/g. In the Southern Basin, the other four sites, Ley 
Creek Outlet, South Deep, Southeast corner, and Southeast shore, had tPCB concentrations 
within the SGV Class B classification. Individual congener concentrations for each site are 









Table 10. Onondaga Lake tPCB concentrations ± standard deviation 
Site  tPCB (µg/g) 
Ley Creek Outlet 0.74 ± 0.075 
South Center 1.3 ± 0.25 
South Deep 0.15 ± 0.0077 
South East Corner 0.14 ± 0.00079 
Southeast Shore 0.12 ± 0.0030 
Northeast Shore 0.64 ± 0.11 
North Deep  0.12 ± 0.0087 
Northwest Shore  0.043 ± 0.0 
Lake Outlet 0.072 ± 0.0020  
    Note: n = 4 for all sites except Ley Creek Outlet where n = 2 
 
Figure 13. Total polychlorinated biphenyl concentrations in the surficial sediments of Onondaga 


























SGV Class C  
SGV Class B 




Figure 14. Total polychlorinated biphenyl concentrations in the surficial sediments of Onondaga 
Lake’s Southern Basin sites (error bars represent standard deviation where n = 4 for all sites, 
except Ley Creek Outlet where n = 2). 
Multilinear regression was performed for PCBs in the surficial sediment to determine 
how well the congener patterns in the samples fit patterns in standard Aroclors.  In multi-linear 
regression analysis, the coefficient value indicates how much the mean of the dependent variable 
changes when there is a one-unit shift in the independent variable while the other variables are 
held constant in the model. A positive coefficient indicates that as the independent variable 
(Aroclor Standard congener fraction) increases, the dependent variable (sample congener 
fraction) also increases, showing a greater positive correlation between the variables (i.e., more 
likely the Aroclor is present in the sample). A negative coefficient value means essentially that 


























SGV Class C  
SGV Class B 
SGV Class A 
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showing that the Aroclor is not likely present in the sample.53 The multi-linear regression 
analysis done on the PCB congeners detected in the surficial sediment samples (Figure 15) 
showed that in the Northern Basin, specifically at the Lake Outlet and the Northeast shore, the 
sediments were dominated by Aroclor 1260. A similar pattern was present in the Southeast Shore 
sample.  North Deep and South Deep represent the deep basin of the lake.  Both display patterns 
similar to each other dominated by Aroclor 1254, and the same pattern is seen at the Southeast 
Corner site.  The Ley Creek outlet site is dominated by Aroclor 1242, which is consistent with 
known contamination from Ley Creek.5 A very different pattern was observed at the South 
Center site, with both Aroclor 1260 and Aroclor 1242 dominant.  This site also had the highest 
concentration of PCBs of all the sites.  Possibly, this was due to some contaminated sediment 
escaping from the dredging activity further south in the lake and depositing on top of this 
sediment.  However, this would require further investigation. 
 
Figure 15. Surficial sediment PCB multi-linear regression analysis coefficient value results (note 
there were no major PCB congeners detected at the Northwest Shore site) 
















3.2.2 Aromatic Hydrocarbons 
Polycyclic aromatic hydrocarbons (PAHs) were detected in low concentrations in the 
surficial sediments of each site studied in Onondaga Lake. At each site, the tPAH concentration 
was below the 4.0 µg/g SGV Class A classification. However, the PAH SGV is based on the 
total concentration of all 34 PAHs and only 16 PAHs were studied in this paper. Therefore, the 
SGV classifications for the sites cannot accurately be determined. It can, however, be assumed 
that these 16 PAHs contribute the most to the SGV classification calculation as they are the 16 
PAHs that are listed on the EPAs priority pollutants list. The total PAH (tPAH) concentration at 
the Northern Basin sites (Figure 16, Table 11) were relatively consistent throughout the basin 
with each site having a tPAH concentration around 0.30 µg/g (except the Northeast Shore site 
where the tPAH concentration was only 0.15 µg/g). All the surficial sediment sites in the 
Northern Basin had tPAH concentrations well below the SGV Class A classifications upper 




Figure 16. Total polycyclic aromatic hydrocarbon (tPAH) concentrations in the surficial 
sediments of Onondaga Lake’s Northern Basin sites (error bars represent standard deviation 
where n = 4 for all sites). 
In the Southern Basin (Figure 17, Table 12), tPAH concentrations in the surficial 
sediments were higher than sites in the Northern basin at three sites: Ley Creek Outlet, South 
Center, and South Deep. The other two sites had tPAH concentrations consistent with sites in the 
Northern Basin. All the sites in the Southern Basin had surficial sediment concentrations below 
the SGV Class A upper limit. However, as only 16 of the 34 PAHs were quantified in this study, 
it is possible that the Ley Creek Outlet site (tPAH concentration of 2.1 ± 0.65 µg/g) could exceed 
the Class A classification and fall in the Class B classification range if the other 18 PAHs were 

























studied in the lake would exceed the Class A classification even if the other PAHs were 
quantified. 
 
Figure 17. Total polycyclic aromatic hydrocarbon (tPAH) concentrations in the surficial 
sediments of Onondaga Lakes Southern Basin sites (error bars represent standard deviation 
where n = 4 for all sites, except Ley Creek Outlet where n = 2). 
In the Northern Basin of the lake, the surficial sediments (Figure 18) contained low levels 
of the following PAH compounds at all four sites: naphthalene, phenanthrene, anthracene, 
fluoranthene, pyrene, benzo[k]fluoranthene, and benzo[a]pyrene. Chrysene was detected only at 
the Northwest Shore site and benzo[b]fluoranthene was detected at every site except North Deep. 
The other PAHs studied in this thesis were not detected in the northern basin. Individual PAH 
compound concentrations and tPAH concentrations for the Northern basin surficial sediment 


























Figure 18. Polycyclic aromatic hydrocarbon concentrations detected within the surficial 
sediments of the Northern Basin of Onondaga Lake (error bars represent standard deviation 






































Table 11. Individual aromatic hydrocarbon concentrations and total polycyclic aromatic 
hydrocarbon concentration ± standard deviation detected within the surficial sediments of the 
Onondaga Lake Northern Basin Sites 
Site → Northeast 
Shore 
North Deep Northwest Shore Lake Outlet 
Compound Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
Naphthalene 0.016 ± 0.0042 0.052 ± 0.010 0.033 ±0.0063 0.025 ± 0.0027 
Acenaphthylene n.d. n.d. n.d. n.d. 
Acenaphthene n.d. n.d. n.d. n.d. 
Fluorene n.d. n.d. n.d. n.d. 
Phenanthrene 0.022 ± 0.0062 0.040 ± 0.0064 0.035 ± 0.0069 0.038 ± 0.0051 
Anthracene 0.0046 ± 0.0 0.0063 ± 0.0011 0.0072 ± 0.0016 0.010 ± 0.0031 
Fluoranthene 0.044 ± 0.014 0.077 ± 0.016 0.075 ± 0.015 0.074 ± 0.0083 
Pyrene 0.038 ± 0.011 0.069 ± 0.018 0.078 ± 0.018 0.076 ± 0.0088 
Benz[a]anthracene n.d. n.d. n.d. n.d. 
Chrysene n.d. n.d. 0.021 ± 0.0 n.d. 
Benzo[b]fluoranthene 0.012 ± 0.0 n.d. 0.023 ± 0.0069 0.027 ± 0.0064 
Benzo[k]fluoranthene 0.012 ± 0.00 0.0067 ± 0.0004 0.023 ± 0.012 0.030 ± 0.0016 
Benzo[a]pyrene 0.0051 ± 0.0 0.0044 ± 0.0 0.014 ± 0.0079 0.018 ± 0.0045 
Indeno[1,2,3-
cd]pyrene 
n.d. n.d. n.d. n.d. 
Dibenz[a,h]anthracene n.d. n.d. n.d. n.d. 
Benzo[g,h,i]perylene n.d. n.d. n.d. n.d. 
tPAH 0.15 ± 0.036 0.25 ± 0.052 0.31 ± 0.075 0.32 ± 0.041 
o-PTE n.d. n.d. n.d. n.d. 
PTE n.d. n.d. n.d. n.d. 
PXE 0.039 ± 0.0035 0.060 ± 0.012 0.047 ± 0.0080 0.037 ± 0.0062 





In the Southern Basin (Figure 19); naphthalene, phenanthrene, fluoranthene, and pyrene 
were detected in low levels in the surficial sediments at all five locations. Other PAHs were also 
detected in the Southern Basin but were not present at all sites. The following PAH compounds 
were detected at all locations except the Southeast corner location: anthracene, and 
benzo[b]fluoranthene. Benzo[k]fluoranthene was detected on the Southeast Shore, at South 
Center and, at the outlet of Ley Creek; fluorene was detected at South Center, and at South Deep; 
chrysene, benz[a]anthracene and benzo[a]pyrene were detected at the Ley Creek and South 
Center locations; indeno[1,2,3-cd]pyrene and benzo[g,h,i]perylene were detected only at the Ley 
Creek outlet. The other PAH compounds studied in this thesis were not detected in the Southern 
Basin. Individual PAH concentrations and tPAH concentrations for the Southern basin surficial 




Figure 19. Polycyclic Aromatic Hydrocarbon concentrations found within the surficial sediments 
of the Southern Basin of Onondaga Lake (error bars represent standard deviation where n = 4 







































Table 12. Individual Aromatic Hydrocarbon concentrations and total Polycyclic Aromatic 
Hydrocarbon concentration ± standard deviation detected within the surficial sediments of the 
Onondaga Lake Southern Basin Sites 








Compound Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
Naphthalene 0.023 ± 0.0039 0.11 ± 0.031 0.19 ± 0.038 0.0059 ± 0.0 0.019 ± 0.0034 
Acenaphthylene n.d. n.d. n.d. n.d. n.d. 
Acenaphthene n.d. n.d. n.d. n.d. n.d. 
Fluorene n.d. 0.022 ± 0.022 0.023 ± 0.0048 n.d. n.d. 
Phenanthrene 0.16 ± 0.058 0.11 ± 0.031 0.11 ± 0.022 0.017 ± 0.0083 0.037 ± 0.016 
Anthracene  0.021 ± 0.0056 0.020 ± 0.0053 0.021 ± 0.0049 n.d. 0.0060 ± 0.0013 
Fluoranthene 0.43 ± 0.12 0.19 ± 0.05 0.17 ± 0.029 0.023 ± 0.011 0.069 ± 0.028 
Pyrene 0.37 ± 0.087 0.17 ± 0.044 0.15 ± 0.024 0.017 ± 0.0077 0.057 ± 0.025 
Benz[a]anthracene 0.14 ± 0.042 0.029 ± 0.0 n.d. n.d. n.d. 
Chrysene 0.23 ± 0.067 0.042 ± 0.0072 n.d. n.d. n.d. 
Benzo[b]fluoranthene 0.18 ± 0.076 0.018 ± 0.011 0.013 ± 0.0 n.d. 0.011 ± 0.0 
Benzo[k]fluoranthene 0.20 ± 0.068 0.020 ± 0.01 n.d. n.d. 0.0066 ± 0.0 
Benzo[a]pyrene 0.15 ± 0.056 0.023 ± 0.0004 n.d. n.d. n.d. 
Indeno[1,2,3-cd]pyrene 0.040 ± 0.0 n.d. n.d. n.d. n.d. 
Dibenz[a,h]anthracene n.d. n.d. n.d. n.d. n.d. 
Benzo[g,h,i]perylene 0.16 ± 0.066 n.d. n.d. n.d. n.d. 
tPAH 2.1 ± 0.68 0.75 ± 0.17 0.67 ± 0.12 0.062 ± 0.027 0.2 ± 0.073 
o-PTE n.d. n.d. n.d. n.d. n.d. 
PTE n.d. 0.14 ± 0.019 0.16 ± 0.037 n.d. n.d. 
PXE n.d. 0.21 ± 0.074 0.24 ± 0.039 n.d. 0.032 ± 0.0041 






3.2.3 Chlorobenzenes  
No chlorobenzenes were detected in the surficial sediments of any of the sampling sites 
throughout the Northern Basin, except for 1,4-DCB which was detected at each site (Figure 20, 
Table 13). 1,4-DCB was detected in concentrations below the upper range of the Class A SGV of 
0.72 µg/g.  
 
Figure 20. Chlorobenzene concentrations detected within the surficial sediments of the Northern 






























Table 13. Chlorobenzene concentrations ± standard deviation detected within the surficial 
sediments of the Onondaga Lake Northern Basin Sites 
Site → Northeast 
Shore 
North Deep Northwest 
Shore 
Lake Outlet 
Compound Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
Chlorobenzene n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. 
1,4-DCB 0.027 ± 0.0062 0.066 ± 0.015 0.044 ± 0.01 0.036 ± 0.0053 
1,2-DCB n.d. n.d. n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. 
1,2,3-TCB n.d. n.d. n.d. n.d. 
Notes: n.d. = below detection limit, n = 4 for all sites 
 
In the Southern Basin (Figure 21, Table 14) 1,4-DCB was detected in the surficial 
sediments at South Center, South Deep, and the Southeast Shore sites in concentrations below 
the Class A SGV upper limit of 0.72 µg/g. Also detected at South Center and South Deep was 
1,2-DCB below the Class A SGV upper limit of 0.28 µg/g. 1,2,4-TCB was detected only at the 





Figure 21. Chlorobenzene concentrations detected within the surficial sediments of the Southern 
Basin of Onondaga Lake (error bars represent standard deviation where n = 4 for all sites, 
except Ley Creek Outlet where n = 2). 
Table 14. Chlorobenzene concentrations ± standard deviation detected within the surficial 
sediments of the Onondaga Lake Southern Basin Sites 








Compound Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
Chlorobenzene n.d. n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB n.d. 0.12 ± 0.041 0.21 ± 0.042 n.d. 0.026 ± 0.0055 
1,2-DCB n.d. 0.042 ± 0.00 0.076 ± 0.012 n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. 0.025 ± 0.0013 n.d. n.d. 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 



























3.2.4 Other compounds in surficial sediments 
Phenyl xylyl ethane (PXE) was detected within the Northern Basin surficial sediments at 
each site at concentrations below 0.10 µg/g (Table 11, Figure 22). Neither Phenyl tolyl ethane 
(PTE) or o-PTE were detected at any site in the Northern Basin. There is no defined SGV for 
PXE. 
 
Figure 22. PXE, PTE, and o-PTE concentrations detected within the surficial sediments of the 
Northern Basin of Onondaga Lake (error bars represent standard deviation where n = 4 for all 
sites). 
In the Southern Basin PXE and PTE were detected in the surficial sediments at the South 
Center and South Deep sites, and PXE was also detected on the Southeast Shore site (Table 12, 
Figure 23). O-PTE was not detected at any site in the Southern Basin. There is also no SGV 



























Figure 23. PXE, PTE, and o-PTE concentrations detected within the surficial sediments of the 
Southern Basin of Onondaga Lake (error bars represent standard deviation where n = 4 for all 
sites, except Ley Creek Outlet where n = 2). 
3.3 Historical Sediment Results 
The historical sediment results that were determined using the collected sediment core are 
detailed in full in Appendix J (organic compounds excluding PCBs) and Appendix K (PCB 
congeners) and the most significant observations are summarized in the sections below. It was 
noted that most of the samples between the years of 1932 and 1981 when extracted had a 
significant amount of suspended sediments, were green in color, and had a very pungent smell 
leading to very long filtering times and in some instances the need for the sample to be double 
filtered via florisil column. The samples that had the dirtiest extracts were those from the years 



























highest concentrations of organic pollutants found within the sediment samples. The method 
blank samples (deep samples) were clear and colorless in comparison.  
3.3.1 Polychlorinated Biphenyls  
The core sample shows that there were three time-periods in the 1900s that the tPCB 
(Figure 24) concentration was elevated; 1929 to 1943, 1946 to 1982, and 1990 to 2000. From 
1929, tPCB concentrations slowly increased until they peaked in 1938 at 1.6 µg/g and then tPCB 
concentrations rapidly decreased to almost zero in 1943. The concentration then fluctuated as it 
rose to a sediment concentration peak of 7.7 µg/g in 1968. After 1968 the tPCB concentration 
slowly decreased until the early 1980s. The concentration elevated slightly in the 1990s but 
remained under 1.0 µg/g. There were no PCB congeners detected in the 1841 and core bottom 




Figure 24. tPCB sediment concentrations found at South Deep from 1920 to 2016 determined in 
the sediment core. 
The multi-linear regression analyses done on the PCBs found in the core samples showed 
that in no one year was there a perfect correlation for any one Aroclor studied. Based on the 
coefficients from the regression analysis (figure 25), there was a higher prevalence of the smaller 
PCB congeners, found in Aroclor 1242, from the 1920s to the 1940s. In the later years, 1940 to 
2016, the sediments contained larger PCB congeners found in Aroclor 1260, however the other 
two Aroclors were detected. Aroclor 1254 was found throughout the core, but usually not the 
dominant Aroclor. A notable exception was the period 1963-1970, when Aroclor 1254 was the 



















Figure 25. Sediment core PCB multi-linear regression analysis coefficient value results. 






















































3.3.2 Aromatic Hydrocarbons  
All 16 polycyclic aromatic hydrocarbons studied were detected within the sediment core 
except for acenaphthene which was not detected in any sample in the core. The tPAHs within the 
sediment core (Figure 26) reached a peak concentration in 1962 at 16.7 µg/g and had three 
distinctive time periods of high pollution within the sediments, from the pre 1920s-1940s, from 
the mid-1950s-1970, and from 1990-early-2000. Most of the individual PAHs studied also 
followed a similar trend. While PAHs were abundant to 1920, the earliest contiguous date in this 
time series, no PAHs were detected in the 1841 and core bottom sediment samples.  
 
Figure 26. tPAH sediment concentrations found at South Deep from 1920 to 2016 determined in 


















Naphthalene (Figure 27) slowly decreased over time from its peak of 0.98 µg/g in 1926 
to less than 0.20 µg/g in 2016. There was no acenaphthene detected within the sediment core and 
acenaphthylene was not detected after 1963. Prior to 1963 acenapthylene was detected 
sporadically throughout the core after 1920, peaking at 0.46 µg/g in 1930. Fluorene followed no 
distinctive pattern fluctuating within a narrow range throughout the core, remaining below 0.17 
µg/g, with the greatest concentrations detected in the 1930s and 1960s. The phenanthrene 
concentration throughout the core followed the same trend as the tPAH concentration spiking in 
the 1920s, 1950s, 1960s, and the early 2000s, reaching a peak concentration in 1962 at 1.5 µg/g.  
 
Figure 27. Naphthalene sediment concentrations found at South Deep from 1920 to 2016 



















Anthracene and benz[a]anthracene (Figure 28) both followed a similar trend as the tPAH 
concentration, each peaking in 1930, 1962, and 2001. The highest concentrations of both were 
observed in 1962 at 0.48 µg/g for anthracene and at 0.91 µg/g for benz[a]anthracene. The 
dibenze[a,h]anthracene concentration remained below 0.20 µg/g throughout the core and was not 
detected in most years, peaking only in 1930 and 1962.  
 
Figure 28. Anthracene and anthracene derivative concentrations found at South Deep from 1920 





















Fluoranthene, benzo[b]fluoranthene, and benzo[k]fluoranthene (Figure 29) all followed 
the same trend throughout the core, and each compound was detected in consistently high 
concentrations from the 1920s through the 1970s, peaking again in the 1990s, but at a 
significantly lower concentration. Fluoranthene was found in the highest concentrations of the 
derivatives peaking in 1930, 1962, and 2002 at 1.8, 2.3, and 0.49 µg/g, respectively. 
Benzo[b]fluoranthene peaked in 1930, 1962, and 2002 at 1.1, 1.2, and 0.29 µg/g respectively and 
benzo[k]fluoranthene also peaked in 1930, 1962, and 2002 at 1.8, 1.3, and 0.29 µg/g 
respectively.  
 
Figure 29. Fluoranthene and fluoranthene derivatives concentrations found at South Deep from 





















Pyrene, benzo[a]pyrene, and indo[1,2,3-cd]pyrene (Figure 30) also followed a similar 
trend to each other as well as the other PAHs found in the sediment core, with high 
concentrations found between 1920 and 1970, and from the 1990s to the early 2000s. Pyrene was 
found in the highest concentrations of the derivatives peaking in 1922, 1962, and 2002 at 3.0, 
3.0, and 0.47 µg/g respectively. Benzo[a]pyrene and indo[1,2,3-cd]pyrene were found in much 
lower concentrations than pyrene both peaking in 1930 at 1.1 and 0.69 µg/g respectively, in 1962 
at 1.0 µg/g (both) , and in 1999 at 0.22 and 0.16 µg/g respectively.  
 
Figure 30. Pyrene and pyrene derivatives concentrations found at South Deep from 1920 to 2016 





















Chrysene (Figure 31) peaked at three distinctive times throughout the core in 1930, 1963, 
and 2002, consistent with the other PAHs studied. However, unlike the other PAHs, chrysene’s 
peak in 1963 was much more dominant, with a sharper increase and decrease in concentration 
during the years preceding and proceeding the peak. The highest concentrations of chrysene were 
observed in 1930, 1963, and 2002 at 0.89, 2.0, and 0.36 µg/g, respectively. Benzo[g,h,i]perylene 
followed the same pattern as the other PAHs studied, peaking in the 1930s, 1960s, and early 
2000s. The compounds highest concentrations were observed in 1930 at 1.0 µg/g and in 1963 at 
1.083 µg/g. When the compound concentration peaked again in 1999 the concentration was 
significantly lower at 0.28 µg/g.  
 
Figure 31. Chrysene concentrations found at South Deep from 1920 to 2016 determined using 



















All the chlorobenzenes (mono, di-, and tri-) studied were detected in the sediment core 
except for 1,2,3-trichlorbenzene. The chlorobenzene concentration fluctuated throughout the core 
and did not display a distinctive pattern; however, the greatest concentrations were found 
between the 1940s and 1970, and chlorobenzene reached peak concentration in 1963 at 0.96 
µg/g. 1,3,5-Trichlorobeneze and 1,2,3-trichlorobeneze were both detected in the sediment core 
but they were found in very low concentrations (>0.15 µg/g) with the greatest concentrations 
found in 1950s and 1960s.  
The dichlorobenzenes were found in greater concentrations than the other chlorobenzenes 
in the sediment core (Figure 32). 1,3-Dichlorobenzene and 1,2-dichlorobenzene were found in 
similar concentrations throughout the core with the greatest concentrations of both compounds 
found between the 1940s and 1970 peaking in 1963 at 0.54 µg/g for 1,3-DCB and in 1962 at 0.57 
µg/g for 1,2-DCB. 1,4-Dichlorobenzene followed a similar pattern but in greater concentration 
and was found in every sample from 1924 to 2016, peaking 1963 at 2.48 µg/g. No 




Figure 32. Dichlorobenzene concentrations found at South Deep from 1920 to 2016 determined 
using the sediment core. 
3.3.4 Other compound concentrations in sediment core  
The PTE, o-PTE, and PXE concentrations all followed a similar trend throughout the 
sediment core (Figure 33). Concentrations of each compound were at a maximum in 1925 at 8.5, 
1.3, and 4.0 µg/g for PTE, o-PTE, and PXE respectively (PXE also spiked in 1922 at 4.4 µg/g). 
The sediment concentrations for each compound remained consistently below 1.5 µg/g until the 
mid-1950s when each compound’s sediment concentrations began to rise again. The compounds 





















PTE, o-PTE, and PXE, respectively. By the early-1970s the compound concentrations dropped 
below 1.0 µg/g and steadily declined to less than 0.25 µg/g by 2016. Neither PTE or PXE were 
detected in 1841 or core bottom sediments.  
 
Figure 33. PXE, PTE, and o-PTE concentrations found at South Deep from 1920-2016 






















There were two distinctive humps of unresolved complex mixtures (UCM) found in the 
GC-MS chromatograms. The term UCM is used to describe a raised baseline hump that is often 
observed in the gas chromatograms of environmental samples containing petroleum and crude 
oils. These humps are a result of the chromatographic overlap of a large number of n-alkane 
compounds found in petroleum products. Due to the vast amount of petroleum sources, the 
carbon number range and shape of the UCM will be different for each source. 54 The presence of 
two distinctive humps in the gas chromatograms indicate that there were two different sources of 
these UCMs to the lake. The early eluting hump, 15 to 30 min retention time, can be seen in the 
chromatograms beginning in the core bottom sediment samples and is found until 1960. The 
presence of this early eluting hump in the core bottom samples indicates that the source of this 
UCM could be a natural source. An example of this early eluting hump is shown in Figure 34 
(identified by the red box), which is the GC-MS chromatogram from the 1938 sediment sample. 
The late eluting hump, from 25 to 60 min retention time, can be seen in the GC-MS 
chromatograms beginning in the 1920s and ending between 2011 and 2016 (there were no 
samples between these later times to determine an exact year). An example of the hump is shown 
in Figure 35 (identified by the blue box), which is the GC-MS chromatogram from the 1962 
sediment sample. The background mass spectra of the hump indicate alkyl substances, while 
mass spectra of the distinct peaks on the hump are consistent with aromatic compounds such as 
the reaction products of styrene with PTE and PXE.  Therefore, the source material of this UCM 
could be waste from the same coal oil process that formed PTE and PXE. It may also be an 
explanation for an oily substance, which was observed by this author in most of the sample 
extracts between 1920 and 2011, in the form of a pungent smell and dark green or neon green 






































CHAPTER 4: DISCUSSION  
The results from this study show that there were three distinctive time periods of overall 
high pollution deposition to the sediments of the lake, from the mid-1920’s to the late-1930s, 
from the mid-1950s to the early 1980s, and a smaller but still significant increase in the late 
1990s. These results were further verified by other studies of the same core samples by Rowell 
and coworkers,49 who detected episodes of high concentrations of other pollutants during those 
same time periods. Mercury, chromium, total phosphorus and lead all peaked in the early to mid-
1960’s and had elevated levels during the 40-year period starting around 1940 until 1980, which 
he attributed to watershed development, in the form of industrial growth throughout the area, 
higher nutrient loads, and lake productivity.49 With the results of his study showing the same 
temporal patterns as found in this study it indicates that there were significant industrial 
events/activities leading to the sever pollution of the lake during the mid-1900s. According to 
Rowell’s study the three major contaminants with industrial sources, chromium (Cr) peaked at 
1409 ppm in 1957, mercury (Hg) at 80 ppm in 1963, and lead (Pb) at 612 ppm in 1967.49 
The relatively low surficial sediment and recent core sediment (2000s) concentrations of 
all the studied compounds indicate that EPA and NYDEC regulations on industrial pollutant 
outputs, the closing of industrial plants within the watershed, and remediation efforts in and 
around the lake have been successful in reducing the influx of contaminants to Onondaga Lake.  
4.1 PCBs 
There was one large PCB peak found in the sediment record, in 1968, with lesser peaks in 
1962 and 1957.  The congener pattern during these time periods was dominated by Aroclor 1254, 
while at earlier and later times the pattern was dominated by Aroclor 1260. This indicates that 
the source of PCBs at these peak times was different from the general background source to 
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Onondaga Lake. The timing these peaks correspond to the timing of the other industrial 
contaminants found by Rowell,49 indicating a common source of these pollutants to the lake. 
PCBs were generally elevated from 1946 to 1982, with a congener pattern most similar to 
Aroclor 1260, except as noted for the peak concentrations. PCB concentrations rose again in the 
period 1990-2000 but remained below 2.0 µg/g. The earliest period of apparent elevated PCB 
concentrations, 1929-1943, may be due to artefacts. While some chromatographic (GC-ECD) 
peaks had retention times matching known PCB congeners, chromatograms from this period did 
not show a chromatographic fingerprint that was similar to the common Aroclors, and major 
congeners in Aroclors were not present in these sediment samples. This time period also predates 
the widespread use of PCBs.  Therefore, the actual existence of PCBs in Onondaga Lake during 
this time period is doubtful. 
From the mid-1940s to the late 1970s PCBs remained consistently present within the 
sediments at South Deep, with Aroclor 1260 as the main Aroclor present according to the 
regression results; however, there was correlation for both Aroclor 1242 and Aroclor 1254 being 
present in samples which could be attributed to different sources of PCBs to the lake. The largest 
and most significant source of PCBs to the lake was possibly the General Motors Inland-Fishers 
Guide facility (GM-IFG) on Ley Creek which utilized PCB containing hydraulic oils and paints 
in their manufacturing procedures.14 Starting in 1952, there is evidence of a rapid increase in 
PCB concentration found at South Deep after the opening of the plant. Hydraulic oil, which 
contained a mixture of A1232, A1242, A1248, A1254, and A1260,55 leaked from the machines 
where it mixed with other process waste that was placed in an on-site swale (marshy man-made 
landform), that discharged directly into Ley Creek and eventually Onondaga Lake.7,14 The sharp 
decrease in PCB concentrations in 1970 corresponds to the GM-IFG elimination of PCB 
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containing hydraulic oil use in the plant’s production machinery in 1969. Although the main 
source of the PCBs to the lake was eliminated in 1969, the concentration within the lake did not 
drop to below 0.5 µg/g until the 1980s due to the leaking of contaminated groundwater from the 
GM-IFG swale and the flood control dredging of contaminated Ley Creek sediments in the 
1970s, which deposited contaminated soil on the bank of the creek, where it could be washed 
back in to the water column and carried out to the lake (Figure 36).15 Allied Chemical’s Bridge 
Street Plant could have been the main source of PCBs to the lake sediments prior to 1952 and 
remained constant source throughout the 1960s, but at a much lower concentration than the 
General Motors Plant, as evident by the sharp increase after the opening of the GM plant.  
 
Figure 36. Site map of the former General Motors Plant and the PCB-contaminated dredge 
spoils (adapted from Edwards)15 
Elevated tPCB concentrations were found in the surficial sediments at the South Center 
site, suggesting that there is still an active source of PCBs to the lake. Hubbard reported that in 
1994 there was also a source of PCBs to the lake coming from the Causeway on the southern 
shore (adjacent to the South Center Site), and a source in the Southern most corner, near Harbor 
85 
 
Brook (likely from leaking Solvay wastebeds or sewage discharge from the METRO Plant).5 It is 
likely that the residual contaminated dredge spoils from the General Motors Plant are the source 
of PCBs at the Ley Creek site (Figure 36).15 Another possible source of the elevated PCBs at this 
site and throughout the rest of the lake is the remediation process itself. The dredging of the 
heavily contaminated sediment within the lake could have resuspended and redistributed PCB 
bonded sediments due to the nature of the dredging process. The Northeast Shore site also had 
elevated tPCB concentrations but did not show a fingerprint pattern of the commonly produced 
Aroclors and did not show a high correlation to any Aroclor in the multi-linear regression 
analysis, therefore, it is possible that these are not actual PCB responses and could actually be 
coeluting compounds.   
4.2 Aromatic Hydrocarbons 
The total polycyclic aromatic hydrocarbon concentration peaked in 1930, 1962 (smaller 
peaks also occurred in 1959 and 1968), and the early 2000s. The peaks found in the 1950s and 
1960s correspond to the PCB peaks and peaks in Hg, Pb, and Cr found by Rowell49 indicating a 
common event leading to elevated levels of all these compounds. The major PAHs found in the 
Onondaga Lake sediment core were chrysene, anthracene (benz[a]anthracene, and 
dibenze[a,h]anthracene), fluoranthene (benzo[b]fluoranthene, and benzo[k]fluoranthene), and 
pyrene (benzo[a]pyrene, and indeno[1,2,3-cd]pyrene). These PAH compounds are commonly 
derived from coal tar production, incomplete combustion of biomass and fossil fuels (e.g., 
biomass burning, coal burning, motor vehicle and engine exhaust emissions, stoves, furnaces, 
etc.), and are often found in petroleum-derived asphalt. They are released into the environment in 
the form of soot and smoke released into the atmosphere and via water ways via waste release of 
soot and other by-products.56–58 Coal tar is a dark viscous complex hydrocarbon liquid or 
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semisolid mixture that is produced from the pyrolysis (decomposition via high temperatures) of 
coal and can be manufactured to be used as a raw material for plastics, solvents, dyes, and other 
chemicals or is produced as a by-product of other manufacturing operations that utilize coal 
furnaces.59 
One source of PAHs to Onondaga Lake from the 1920s to the 1950s was the Niagara 
Mohawk Power Corporations Manufactured Gas Plant (MGP) located on Hiawatha Boulevard 
next to Onondaga Creek [site of the expanded Syracuse Metro Sewage Treatment Plant (STP)] 
(see Figure 3) which operated from 1924 to 1953. The Niagara Mohawk MGP produced gas for 
lighting and heating of homes and business in Onondaga County via coal gasification (1924-
1941) and the carbureted water gas process (1941-1953). Both processes produced coal tar that 
would settle in the bottom of gas holders, pipes, and tar separators located underground. These 
gas holders used groundwater as a bottom seal to cool and apply pressure to the system, 
therefore, acting as a direct source of PAHs to the groundwater and subsurface soils where they 
would migrate to Onondaga Creek and Onondaga Lake. After the closure of the MGP the gas 
holders were left in place where they continued to leach PAHs into the surrounding water 
systems, until the 1970s when most of the holders and coal tar residue were removed during the 
expansion of the Metro STP. The contaminated soils surrounding the area however, were not 
removed until recently during the superfund remediation project which could have allowed them 
to be washed into the lake.60 The coal cooking process at Solvay (Allied Chemical) which started 
in the 1890s is another possible source of PAHs to the lake sediments. This source is further 
supported by the presence of PTE and PXE in these sediment samples which are produced via 
the coal cooking process. Crucible Materials Corporation Plant is also a possible source of PAHs 
to Onondaga Lake. Between 1961 and 1967 Crucible Materials Corporation disposed of caustic-
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coated mill scale, grinding dust, slag, boiler ash, coolant sludge, and construction/demolition 
debris, all of which likely contained PAHs, at the mouth of Tributary 5A.61 
Another possible source of PAHs to Onondaga Lake during the late 1950s to 1960s, 
contributing to the large PAH spike seen within the sediment core, is the construction of I-81 and 
I-690 along the lakes South and Southwest boundaries. The construction of these two interstate 
highways was coupled with the construction of I-281 (now I-81) south of the city in a $150-
million interstate and arterial highway project to connect the City of Syracuse to the New York 
State Thruway and the rest of New York State. The portion of I-81 that runs through the city of 
Syracuse was constructed between 1959 and 1969 and I-690 which extends from the NYS 
Thruway to Syracuse and I-81 along the Southwest shore of Onondaga Lake was constructed 
between the late 1950s and 1968.62–64 The use of petroleum-derived asphalt for these projects 
could have increased the concentration of PAHs found within the sediments of the lake via run-
off and deposition of atmospheric particles during construction. However, when viewing aerial 
photos of I-690, it appears as if the interstate was built over/through old Solvay waste beds 
adjacent to the lake and to the south of the lake near Harbor Brook, which would have disturbed 
sediments containing old tar waste, opening up the possibility that these sediments and Solvay 
waste could be washed into the lake during large storm events. A topographic map of Onondaga 
Lake and the surrounding areas from 1958 (Figure 37A)65 shows that I-690 had already been 
constructed along the lake (or was being constructed), however, aerial photos from 1966 (Figure 
37B)66, shows I-690 construction occurring near the southern end of the lake, passing through 
wastebeds near Harbor Brook. The continued construction of I-690 throughout the 1960s and the 
original disruption of the soils and wastebeds could have led to increased organic pollutant 





Figure 37. A - 1958 Topographic Map of West Syracuse, NY showing the location of I-690 along 
the lake (from USGS 1958, accessed at the SUNY-ESF Repository).65 B - 1966 Aerial Photo of West 
Syracuse, NY showing construction of I-690 near Harbor Brook (accessed at the SUNY-ESF 
Repository)66 
Although most of the PAHs studied followed a similar trend throughout the core, there 





than the other PAHs), indicating different sources for PAHs found down the core. However, to 
determine the exact sources of each individual PAH, core samples would need to be taken from 
various locations throughout the lake and the PAH patterns compared.  
Naphthalene is the only significant PAH compound found in the sediments that did not 
follow the trend of the tPAH concentration. Naphthalene concentration was higher towards the 
bottom of the core and decreased throughout the century and did not peak in the 1960s like the 
other PAHs. Hubbard (1996) also found that naphthalene distribution throughout the lakes 
surface water did not follow along with the other PAHs detected within the lake. He determined 
that the source of the naphthalene contamination was an onshore waste deposit near Harbor 
Brook due to the coal tar light oil process where nearly pure naphthalene could be recovered.5  
Throughout the 20th century the naphthalene concentration within the lake sediments slowly 
decreased, likely pointing to the shift in anthropogenic sources of contaminants, as the City of 
Syracuse expanded, the use of burning wood for domestic heating and cooking decreased, and 
the electrical grid and the use of fossil fuels increased.67  
Total PAH concentration in the surficial sediment samples was far below the Class A 
Sediment Guidance Value at all sites in both the Northern and Southern basins. However, there 
were elevated concentrations in the southern basin at the Ley Creek Outlet, South Center, and at 
South Deep indicating there is still active sources of PAHs to the lake on the Southern end, other 
than the ubiquitous environmental contributions from combustion engines/global industrial 
processes (anthropogenic) and forest fires/wood burning (natural). The Ley Creek Outlet site had 
elevated concentrations of phenanthrene, fluoranthene [and derivatives], pyrene [and 
derivatives], chrysene, and benz[a]anthracene. During the spring and summer of 2016, a major 
road construction project was undertaken to repair and resurface the I-81 Bridge over the NYS 
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Thruway (I-90), in the town of Salina, located directly adjacent to Ley Creek near Southeast 
corner of Onondaga Lake.68 This construction project is a possible the source of the elevated 
PAH concentrations found near the Ley Creek Outlet due to the petroleum derived asphalt that 
was likely used to surface the road. The South Center and South Deep sites had elevated 
concentrations of naphthalene, phenanthrene, fluoranthene, and pyrene. The sources of these 
compounds might be attributed to construction projects, automotive traffic, and industries in the 
City of Syracuse near Onondaga Creek, and to erosion of onshore and shallow in lake waste 
deposits. Dredging and clean-up activities in and around Onondaga Lake could have also been a 
source of elevated PAH concentrations within the Southern Basin of Onondaga Lake.  
4.3 Chlorobenzenes  
Chlorobenzenes are ubiquitous in the environment, however there are no natural sources 
of these compounds indicating all chlorobenzenes detected in this study entered the lake from a 
manmade local source. Chlorobenzene (CB), 1,3-Dichlorobenzene (1,3-DCB), 1,4-
Dichlorobenzene (1,4-DCB), and 1,2-Dichlorobenzene (1,2-DCB) were all detected in the 
sediment core in various concentrations beginning in 1924. The detection of these compounds in 
the lake sediments corresponds to the opening of Allied Chemical’s Willis Avenue 
Chlorobenzene Plant located on the Southwest shore of the lake (Geddes, NY) in 1918. The main 
manufacturing activity at the Willis Avenue Plant was the production of chlorinated benzene 
products from benzene (obtained as a raw material from Allied Chemical’s Benzol Plant).5,13 
After the 1940’s the DCB concentrations in the sediments at South Deep rapidly increased, 
peaking in the mid 1960’s before the concentrations decreased to below 0.25 µg/g, for 1,4-DCB, 
and below the detection limit, for 1,3-DCB and 1,2-DCB, in the mid-1970s, correlating to the 
closure of the plant in 1977.5,13 Residual chlorobenzene waste produced at the Willis Avenue 
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Plant was not kept on site but was instead transported via an over ground and underground 
pipeline to the main Solvay plant and the Semet Residue Ponds (Willis Avenue Tar Beds) and it 
is possible that leaks from this pipeline led to chlorobenzene contaminated groundwater which 
was ultimately transported to Onondaga Lake.13 The Semet Residue Ponds were five irregularly-
shaped ponds that contained tar waste from the benzol production plant and were in use from 
1917 to 1970 (Figure 38).69 
 
 
Figure 38. Schematic of the Semet Tar Ponds located next to the Allied-Chemical Plant at Willis 
Avenue (adapted from Atlantic States Legal Foundation Onondaga Lake Superfund Fact Sheet No. 2 Semet Residue Ponds 
(Tar Beds))69 
 
Movement of groundwater and leaking wastebeds also likely contributed to the peaks in 
1,4-DCB concentration detected in the early 1990’s. Hubbard determined using a PISCES survey 
in October 1993 that there was still an active source of chlorobenzenes to the lake, and the main 
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source of DCB to the lake water was south of the causeway along the western shore of the lake 
and Ninemile Creek. Chlorobenzene contaminated ground water was found around the Willis 
Avenue Plant site on the western shore which was the direct source to the lake, and around the 
Camillus waste beds which was the source to Ninemile Creek.5  
1,4-Dichlorobenze was found in the highest concentration of all the chlorobenzenes 
detected within the sediment core. This finding was expected as 1,4-DCB was produced in the 
greatest quantity at the Willis Avenue Plant (for DCB) as Iron-catalyzed chlorination favors 1,4-
DCB, followed by 1,2-DCB, and very minor amounts of 1,3-DCB, based on steric effects 
combined with the ortho-para directing action of the first chlorine on the ring. Between 1971 and 
1975 the annual average of 1,4-DCB produced at the plant was 4,260 tons compared to the 3,351 
tons of 1,2-DCB produced and 450 tons of 1,3-DCB produced.13 Chlorobenzene (CB) was 
produced in a greater quantity than 1,4-DCB (at 6,809 tons on average annually from 1971-
1975)13 and was detected  sporadically throughout the core at  a concentration greater than 0.5 
µg/g. However, the soil sorption coefficient (Koc) of CB is low at only 466 compared to the 
higher Koc of 1,4-DCB at 147036 (a low Koc value means the compound is not strongly 
adsorbed onto the soil making it highly mobile in the soil, and a high Koc value means the 
compound is strongly adsorbed onto soil making it less mobile in the soil), therefore, 
chlorobenzene is more likely to be flushed through the system and not accumulate as 
significantly in the sediments as would1,4-DCB . It is likely though that the sorption of the 
chlorobenzenes was impacted by the high organic matter concentration from blooms during the 
spring and summer months as sorption increases when organic matter content also increases.36   
In addition to the sorption capabilities of these contaminants, other factors could have 
contributed to the concentration of the chlorobenzenes in the sediments. Biodegradation of 
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chlorobenzenes via microorganisms occurs rather rapidly in aerobic conditions, however the 
hypolimnion of Onondaga Lake has been mostly anaerobic (especially in the summer months) 
from the early 1900’s and the sediments have always been anaerobic. Anaerobic conditions slow 
biodegradation of chlorobenzenes but biodegradation does occur and is enhanced in mixtures 
containing high sludge content.36 Volatilization is another possible mechanism for the removal of 
chlorobenzenes from the Onondaga Lake system that would have limited its build-up in the 
sediments. Golightley39 developed a model predicting that 1,2-DCB and 1,4-DCB in Onondaga 
Lake waters would have a half-life of less than 40 days with the major removal mechanism being 
volatilization and not sedimentation or flushing.39  
 Although DCBs (specifically 1,4-DCB) were found the surficial sediments of the lake, 
they were detected in very low concentrations and well below the upper limit of the class A 
sediment guidance value. Possible sources of the DCBs found throughout the surficial sediment 
of the lake are, leaking contaminated groundwater, sediment dredging activity during the 
superfund lake clean-up process, and atmospheric deposition due to the ubiquitous nature of. 
However, the low concentrations indicate that there are no major active sources of 
chlorobenzenes to the lake and that the amount remaining in the sediments pose little threat to 
human health.  
4.4 Other Compounds 
The novel compounds, Phenyl tolyl ethane (PTE and o-PTE) and Phenyl xylyl ethane 
(PXE), were found in the sediments of Onondaga Lake at extremely high concentrations in the 
1920s and 1960s. These compounds were generated as a by-product of coal oil refining via the 
BTX Process (production of benzene, toluene, and xylenes from coal tar light oil) at Semet-
Solvay’s (Allied Chemical) Benzol Plant which was in operation from 1895 to 1970 in the 
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southern corner of the lake. The by-product waste was placed in on-site holding tanks and in the 
uncontained Semet Residue Ponds (tar beds) adjacent to the lake on the southwest shore.5,39 The 
peak in concentration of these compounds in the 1920s can be attributed to the United States 
government’s adoption of a national industrial preparedness program that mandated an increase 
in domestically produced industrial and chemical products following World War I in order to 
decrease the United States dependence on German made chemicals. The Semet-Solvay company 
used the need for American made products to develop and deploy a larger coal product plant in 
Syracuse.70  
From the late 1920s to the late 1950s the concentration of these compounds remained 
low, fluctuating between no detection and 1.5 µg/g. During this time, Allied Chemical and the 
United States production of chemicals was down as production efforts were focused elsewhere 
due to the great depression and WWII that followed, therefore PTE and PXE pollution to the 
lake and the sediments was also down. The sharp increase in PTE and PXE pollution in the lake 
could be attributed to the post-world war II boom as the City of Syracuse’s population and the 
increase in coal production. Another possible explanation for the spike in PTE and PXE 
concentration in the lake sediments in the 1960s was the construction of I-690 through the tar 
beds along the lake, or direct discharge/spill from the plant. The closure of the Benzol Plant in 
19705 directly corresponds to the rapid decline in concentration of the PTE and PXE compounds 
within the lake sediments. Both PTE and PXE were detected in the surficial sediments in the 
southern and northern basins in very low concentrations. It is possible that the lake sediments 





CHAPTER 5: SUMMARY 
This study provided a historical record of organic compound pollution within the 
Onondaga Lake sediments (at South Deep) from 1920 to 2016. There were three distinctive time 
periods in which concentrations of Polychlorinated Biphenyl (PCBs), Polycyclic Aromatic 
Hydrocarbon (PAHs), and Chlorobenzene concentrations peaked: the late 1920s to the early 
1940s, the late 1950s to the late 1970s (with most of the studied compounds reaching maximum 
concentration in the mid-1960s), and the 1990s to the early 2000s. Each of these peaks generally 
corresponded to industrial activities surrounding the lake, with the largest contributors to organic 
pollutants being operations at the General Motors Inland Fishers Guide Plant (PCBs), Allied 
Chemical (Chlorobenzenes, PAHs, PXE/PTE), and the Niagara Mohawk Power Corporation 
(PAHs).  
The high time resolution provided by this core, also allowed for the determination of 
distinct years where high organic pollution occurred. The different timing of these years, and 
ways in which different compounds were impacted, point the occurrence of multiple 
disturbances to the lake area throughout the 1960s. There were nearly simultaneous, sharp peaks 
in the core concentrations of PAHs, Dichlorobenzenes, and PTE/PXE in 1962, which points to 
the possible disturbance of the Solvay wastebeds during the construction of I-690 starting in 
1959. PTE/PXE peaked again quickly in 1964, to almost the same concertation as 1962, where 
PAH and DCB concentrations peaked again 1967-1968 (the PAH peak was smaller in 1967), 
indicating a different source than the previous 1962 disturbance. PCBs showed a major peak in 
core concentration in 1968 and a smaller peak in 1962. The 1962 peak could be attributed to the 
wastebed disturbance, where the 1968 peak could be attributed to an unknown disturbance that 
also caused the peaks in DCBs and PAHs during that year. Large weather events, like intense 
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rainstorms, could have caused streambed and wastebed erosion, thereby, washing PCBs, PAHs, 
and DCBs into lake system from unknown locations. 
Analysis of the lakes surficial sediments indicated that there are no major active sources 
of organic compounds to Onondaga Lake. In the Southern Basin, tPCB concentrations were in 
the Class B classification range of the Sediment Guidance Value (SGV) set by the NY-DEC at 
each site, except at the South Center site where the tPCB concentration was in the Class C 
classification of the SGV. In the Northern Basin, tPCB concentrations at the Northwest Shore 
and Lake Outlet sites were in the Class A classification of the SGV, and the Northeast Shore and 
North Deep sites were in the Class B classification of the SGV. Total PAH concentrations in 
both basins were well below the Class A SGV upper range, however concentrations in the 
Southern basin were higher than in the Northern basin with the highest concentration being 
found at the Ley Creek Outlet. Chlorobenzene concentrations were far below the Class A SGV 
upper range in both basins with concentrations less than 0.25µg/g for the most concentrated 
compound.  
The results of this study indicate that the lake sediment and surrounding area remediation 
efforts associated with the lake’s superfund sites have been largely successful in removing 
contaminated sediments from the lake bottom and eliminating potential sources of contamination 
from the areas surround the lake. Future studies on the lake sediments should include the re-
sampling and re-testing of the surficial sediments at the sites studied within this paper to 
determine if the concentrations of the studied compounds have changed [for either the positive or 
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Latitude  Longitude  
Depth 
(m) 
Notes/Sediment Drying Notes 
LCE_01 43.07507 N 76.17677 W 1.00 
Ley Creek outlet (grab) 
Sandy/Vegetation/Zebra Muscles 
SC_01 43.07129 N 76.18539 W N.D.* South Center (core) 
SC_02 43.07129 N 76.18539 W N.D.* South Center (core) 
SC_03 43.07129 N 76.18539 W N.D.* South Center (grab) 
NES_01 43.11245 N 76.23285 W N.D.* Northeast Shore (core) 
NES_02 43.11245 N 76.23285 W N.D.* Northeast Shore (core) 
NES_03 43.11245 N 76.23285 W N.D.* Northeast Shore (grab) 
SD_05 43.07842 N 76.19885 W 19.00 South Deep (core) 
SD_06 43.07842 N 76.19885 W 19.00 South Deep (core) 
SD_07 43.07842 N 76.19885 W 19.00 South Deep (grab) 
SEC_01 43.07778 N 76.18043 W 1.40 
Southeast Corner (grab)  
Rocky and zebra mussels, very little 
sediment 
SEC_02 43.07696 N 76.17896 W 1.20 
Southeast Corner (grab) 
Rocky and zebra mussels, very little 
sediment 
SES_01 43.07766 N 76.18337 W 7.75 Southeast Shore (core) 
SES_02 43.07766 N 76.18337 W 7.75 Southeast Shore (core) 
SES_03 43.07766 N 76.18337 W 7.75 Southeast Shore (grab) 
ND_01 43.10006 N 76.22649 W 18.00 North Deep (core) 
ND_02 43.10006 N 76.22649 W 18.00 North Deep (core) 
ND_03 43.10006 N 76.22649 W 18.00 
North Deep (grab) 
Red in Sample 
NWS_01 43.10704 N 76.24171 W 12.50 Northwest Shore (core) 
NWS_02 43.10704 N 76.24171 W 12.50 Northwest Shore (core) 
NWS_03 43.10704 N 76.24171 W 12.50 Northwest Shore (grab) 
LO_01 43.11267 N 76.23964 W 8.50 Lake Outlet (core)  
LO_02 43.11267 N 76.23964 W 8.50 Lake Outlet (core) 
LO_03 43.11267 N 76.23964 W 8.50 
Lake Outlet (grab) 
Red in sample 







Appendix B. GC-ECD Conditions 
Septum purge flow ~ 9 mL/min 
Inlet pressure  25.7 psig 
Split Flow   ~18 mL/min 
Injector Temperature 250 °C 
Detector Temperature 270 °C 
Colum Temperature 
Program (total time 52 min) 
Hold for 2 minutes at 50 °C 
Ramp at 5 °C/min to 250 °C 
Hold for 10 min at 250 °C 
ECD Initial Range 1 (most sensitive) 
Sample injector volume 2 µL 
Relay Program -1 (split mode/open valve) until 0.01 min 
+1 (splitless mode/closed valve) until 0.5 min 









Appendix C. GC-ECD chromatograms of commercial Aroclors 1242 and 1260 on a SE-54 









Appendix D. Weight percent contribution of individual congeners to commercial Aroclor 1242, 
1254, and 1260 mixtures, modified from Schulz.4 
Domain 
Number+ 






1 10 2,6 0.20 -- -- 
4 2,2’ 3.01 -- -- 
2 7 2,4 0.60 -- -- 
9 2,5 0.54 -- -- 
3 6 2,3’ 1.38 -- -- 
4 8 2,4’ 7.65 -- -- 
5 2,3 0.06 -- -- 
5 19 2,2’,6 0.53 -- -- 
6 18 2,2’,5 6.28 0.41 -- 
17 2,2’,4 2.88 0.19 -- 
15 4,4’ 1.51 -- -- 
7 24 2,3,6 0.22 -- -- 
27 2,3’,6 0.28 -- -- 
8 16 2,2’,3 2.01 -- -- 
32 2,4’,6 0.88 -- -- 
9 34 2’,3,5 0.05 -- -- 
10 29 2,4,5 0.10 -- -- 
11 26 2,3’,5 1.33 -- -- 
12 25 2,3’,4 0.79 -- -- 
13 31 2,4’,5 4.59 0.22 0.05 
28 2,4,4’ 6.52 0.25 0.05 
14 20 2,3,3’ 0.29 -- -- 
33 2’,3,4 4.79 0.14 -- 
53 2,2’,5,6’ 0.64 0.09 -- 
15 51 2,2’,4,6’ 0.23 -- -- 
22 2,3,4’ 3.41 -- -- 
16 45 2,2’,3,6 1.16 -- -- 
17 46 2,2’,5,5’ 0.49 -- -- 
18 69 2,3’,4,6 0.11 -- -- 
19 52 2,2’,5,5’ 4.04 5.18 0.56 
20 49 2,2’,4,5’ 3.60 3.6 -- 
21 47 2,2’,4,4’ 0.94 0.17 0.11 
48 2,2’,4,5 0.82 0.14 0.09 
75 2,4,4’,6 0.11 -- -- 
22 35 3,3’,4 0.11 -- -- 
23 44 2,2’,3,5’ 3.20 2.03 -- 
24 37 3,4,4’ 0.27 -- -- 
59 2,3,3’,6 0.34 -- -- 
42 2,2’,3,4’ 0.83 0.23 -- 
25 41 2,2’,3,4 1.86 0.64 0.14 
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64 2,3,4’,6 1.64 0.45 -- 
27 40 2,2’,3,6,6’ 0.89 0.2 -- 
28 100 2,2’,4,4’,6 -- 0.1 -- 
67 2,3’,4,5 0.41 0.09 -- 
29 63 2,3,4’,5 0.23 0.05 -- 
30 74 2,4,4’,5 2.17 0.78 -- 
31 70 2,3’,4’,5 3.89 3.21 0.09 
32 66 2,3’,4,4’ 1.66 0.59 -- 
95 2,2’,3,5’,6 2.87 6.02 3.04 
34 91 2,2’,3,4’,6 0.17 0.83 -- 
35 60 2,3,4,4’ 1.33 0.54 -- 
56 2,3,3’,4’ 1.60 0.58 -- 
36 92 2,2’,3,5,5’ 0.25 1.58 0.59 
37 84 2,2’,3,3’,6 0.72 1.95 0.25 
38 90 2,2’,3,4’,5 0.32 0.93 0.56 
101 2,2’,4,5,5’ 1.33 7.94 5.02 
39 99 2,2’,4,4’,5 0.86 3.6 0.11 
40 119 2,3’,4,4’,6 0.05 0.14 -- 
41 83 2,2’,3,3’,5 0.12 0.45 -- 
42 97 2,2’,3’,4,5 0.65 2.55 0.23 
43 87 2,2’,3,4,5’ 0.77 3.78 0.77 
115 2,3,4,4’,6 -- 0.3 0.05 
44 85 2,2’,3,4,4’ 0.53 1.66 0.05 
45 136 2,2’,3,3’,6,6’ 0.07 1.12 2.23 
46 77 3,3’,4,4’ 0.45 -- -- 
110 2,3,3’,4’,6 1.53 5.85 1.90 
47 82 2,2’,3,3’,4 0.44 0.95 -- 
151 2,2’,3,5,5’,6 -- 1.17 3.67 
48 135 2,2’,3,3’,5,6’ 0.08 1.62 2.56 
49 107 2,3,3’,4’,5 0.07 0.72 -- 
50 123 2’,3,4,4’,5 -- 0.81 -- 
149 2,2’,3,4’5’,6 0.63 2.21 7.83 
118 2,3’,4,4’,5 1.62 6.39 0.57 
51 134 2,2’,3,3’,5,6 -- 0.49 0.62 
52 131 2,2’,3,3’,4,6 -- 0.16 0.16 
122 2’,3,3’,4,5 -- 0.5 0.30 
53 146 2,2’,3,4’,5,5’ -- 0.83 1.49 
54 132 2,2’,3,3’,4,6’ 0.30 1.98 3.69 
153 2,2’,4,4’,5,5’ 0.68 4.26 10.80 
105 2,3,3’,4,4’ 0.86 3.83 0.07 
55 141 2,2’,3,4,5,5’ -- 1.04 2.56 
179 2,2’,3,3’,5,6,6’ -- 0.21 1.79 
56 130 2,2’,3,3’,4,5’ -- 0.63 0.08 
57 176 2,2’,3,3’,4,6,6’ -- 0.32 0.95 
137 2,2’,3,4,4’,5 -- 0.25 0.06 
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58 160 2,3,3’,4,5,6 -- -- 0.05 
138 2,2’,3,4,4’,5’ 0.54 3.2 6.13 
158 2,3,3’,4,4’,6 -- 0.77 1.55 
59 129 2,2’,3,3’,4,5 -- 0.23 1.11 
178 2,2’,3,3’,5,5’,6 -- 1.35 1.62 
60 175 2,2’,3,3’,4,5’,6 -- 0.05 0.23 
61 187 2,2’,3,4’,5,5’,6 -- 0.32 3.97 
62 183 2,2’,3,4’,5,5’,6 -- 0.17 1.76 
63 128 2,2’,3,3’,4,4’ -- 2.07 1.06 
64 167 2,3’,4,4’,5,5’ -- 0.21 0.26 
65 185 2,2’,3,4,5,5’,6 -- -- 1.34 
66 174 2,2’,3,3’,4’,5,6’ -- 0.34 3.85 
67 177 2,2’,3,3’,4’,5,6 -- 0.21 2.21 
68 202 2,2’,3,3’,5,5’,6,6’ -- -- 0.50 
171 2,2’,3,3’,4,4’,6 0.05 0.5 2.16 
156 2,2’,3,3’,4,5’,6,6’ 0.09 1.62 0.88 
69 173 2,2’,3,3’,4,5,6 -- 0.09 0.36 
157 2,3,3’,4,4’,5’ -- -- 0.14 
201 2,2’,3,3’,4,5’,6,6’ -- 0.68 0.99 
70 172 2,2’,3,3’,4,5,5’ -- 0.5 0.75 
71 197 2,2’,3,3’,4,4’,6,6’ -- -- 0.12 
72 180 2,2’,3,4,4’,5,5’ 0.06 0.38 7.12 
73 193 2,3,3’,4’,5,5’,6 -- -- 0.66 
74 191 2,3,3’,4,4’,5’,6 -- -- 0.25 
75 200 2,2’,3,3’,4,5,6,6’ -- -- 0.45 
76 169 3,3’,4,4’,5,5’ -- -- 0.05 
77 170 2,2’,3,3’,4,4’,5 0.11 0.31 3.91 
190 2,3,3’,4,4’,5,6 -- 0.08 0.79 
78 198 2,2’,3,3’,4,5,5’,6 -- -- 0.09 
79 199 2,2’,3,3’,4,5,5’6’ -- -- 1.31 
80 203 2,2’,3,4,4’,5,5’,6 -- -- 0.99 
196 2,2’,3,3’,4,4’,5’,6 -- -- 0.69 
81 189 2,3,3’,4,4’,5,5’ -- -- 0.11 
82 208 2,2’,3,3’,4,5,5’,6,6’ -- -- 0.17 
195 2,2’,3,3’,4,4’,5,6 -- -- 0.68 
83 207 2,2’,3,3’,4,4’,5,6,6’ -- -- 0.05 
84 194 2,2’,3,3’,4,4’,5,5’ -- -- 1.30 
85 205 2,3,3’,4,4’,5,5’,6 -- -- 0.15 
86 206 2,2’,3,3’,4,4’,5,5’,6 -- -- 0.45 
87 209 2,2’,3,3’,4,4’,5,5’,6,6’ -- -- 0.05 
      
  Sum (%) 98.7  103.3 
+Domain number corresponds to the peak numbers that appear on the chromatograms shown in Appendix B.  
++PCB congeners are listed in order of elution from the SE-54 column and grouped according to the 
chromatographic domain to which they belong. Not all congeners are represented by A1242, A1254, and A1260. 
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Appendix E. Standard solutions used in GC-ECD analysis 
Compound(s) 
[ ] Std. 1 
(µg/mL) 
[ ] Std. 2 
(µg/mL) 
[ ] Std. 3 
(µg/mL) 
[ ] Std. 4 
(µg/mL) 
A 1242 10.0 5.0 1.0 0.5 
A 1260 10.0 5.0 1.0 0.5 




























Appendix F. Standard solutions used in GC-MS analysis 
Compound(s) 
[ ] Std. 1 
(µg/mL) 
[ ] Std. 2 
(µg/mL) 
[ ] Std. 3 
(µg/mL) 
[ ] Std. 4 
(µg/mL) 
acenaphthene 25.08 10.03 2.51 1.00 
acenapthylene 24.72 9.89 2.47 0.99 
anthracene 24.95 9.98 2.49 1.00 
benz(a)anthracene 25.03 10.01 2.50 1.00 
benzo(a)pyrene 24.95 9.98 2.50 1.00 
benzo(b)fluoranthene 25.15 10.06 2.52 1.01 
benzo(g,h,i)perylene 24.62 9.85 2.46 0.98 
benzo(k)fluoranthene 25.10 10.04 2.51 1.00 
chrysene 25.12 10.05 2.51 1.00 
dibenz(a,h)anthracene 24.95 9.98 2.49 1.00 
fluorathene 25.10 10.04 2.51 1.00 
fluorene 24.57 9.83 2.46 0.98 
indeno(1,2,3-cd)pyrene 24.87 9.95 2.49 0.99 
naphthalene 25.10 10.04 2.51 1.00 
phenanthrene 25.10 10.04 2.51 1.00 
pyrene 24.67 9.87 2.47 0.99 
chlorobenzene 24.90 9.96 2.49 1.00 
1,2-dichlorobenzene 24.61 9.84 2.46 0.98 
1,3-dichlorobenzene 24.77 9.91 2.48 0.99 
1,4-dichlorobenzene 25.03 10.01 2.50 1.00 
1,2,3-trichlorobenzene 34.25 13.70 3.43 1.37 
1,2,4-trichlorobenzene 29.25 11.70 2.93 1.17 
1,3,5-trichlorobenzene 40.00 16.00 4.00 1.60 
PXE 38.50 15.40 3.85 1.54 
PTE 22.10 8.84 2.21 0.88 
o-PTE 3.60 1.44 0.36 0.14 
1-ethylnaphthalene*** 1260.00 1260.00 1260.00 1260.00 
2-ethylnaphthalene*** 1630.00 1630.00 1630.00 1630.00 
Eicosane*** 1080.00 1080.00 1080.00 1080.00 








Appendix G. GC-MS Organic Compound Detection Limits 
Compound 
40ºC Initial Temperature 
Detection limit (µg/mL) 
50ºC Initial Temperature 
Detection limit (µg/mL) 
chlorobenzene 0.094 0.42 
1,3-DCB 0.072 0.086 
1,4-DCB 0.018 0.055 
1,2-DCB 0.055 0.12 
1,3,5-TCB 0.0084 0.015 
1,2,4-TCB 0.027 0.067 
naphthalene 0.0075 0.013 
1,2,3-TCB 0.023 0.096 
acenaphthylene 7.2 7.2 
acenaphthene 7.6 10.6 
o-PTE 0.29 0.41 
PTE 0.28 0.19 
fluorene 0.028 0.52 
PXE 0.040 0.027 
phenanthrene 0.015 0.0088 
anthracene 0.010 0.011 
fluoranthene 0.69 0.88 
pyrene 0.0075 0.021 
benz[a]anthracene 0.0070 0.034 
chrysene 0.0061 0.058 
benzo[b]fluoranthene 0.0070 0.0027 
benzo[k]fluoranthene 0.0260 0.046 
benzo[a]pyrene 0.021 0.042 
indeno[1,2,3-cd]pyrene 0.025 0.030 
dibenz[a,h]anthracene 0.068 0.062 
benzo[g,h,i]perylene 0.018 0.038 











Appendix H. GC-ECD PCB Detection Limits 
Aroclor 1242 
Congener  Detection Limit (µg/mL) Congener  Detection Limit (µg/mL) 
10 n.d. 41 0.010 
4 n.d. 64 0.0091 
7 n.d. 40 n.d. 
9 n.d. 67 0.022 
6 0.017 63 0.0078 
8 0.023 74 0.015 
5 0.0002 70 0.033 
19 0.018 66 0.0040 
18 0.047 95 0.0068 
17 0.022 91 0.0038 
15 0.011 60 0.0032 
24 0.010 56 0.0038 
27 0.013 92 n.d. 
16 0.0064 84 n.d. 
32 0.0028 90 0.050 
34 0.0038 101 0.208 
29 0.0074 99 0.15 
26 0.011 119 0.0043 
25 0.011 83 0.0038 
31 0.0073 97 0.022 
28 0.010 87 0.0039 
20 0.0001 85 0.0056 
33 0.0009 136 0.011 
53 0.0001 77 0.0015 
51 0.0006 110 0.0053 
22 0.0084 82 0.0058 
45 0.090 135 0.0073 
46 0.017 107 0.0036 
69 n.d. 149 0.0021 
52 0.089 118 0.0054 
49 0.066 132 0.0008 
47 n.d. 153 0.0019 
48 n.d. 105 0.0024 
75 n.d. 138 0.014 
35 n.d. 171 0.0014 
44 0.013 156 0.0025 
37 0.0035 180 0.0020 
59 0.0044 170 0.0065 




Congener  Detection Limit (µg/mL) Congener  Detection Limit (µg/mL) 
31 0.0044 129 0.0015 
28 0.0044 178 0.0021 
52 0.088 175 0.0024 
47 n.d. 187 0.0063 
48 n.d. 183 0.0018 
41 0.013 128 0.0052 
70 0.0058 167 n.d. 
95 0.018 185 0.0017 
92 0.015 174 0.0039 
84 n.d. 177 0.0041 
90 0.0043 202 0.0003 
101 0.039 171 0.0013 
99 0.031 156 0.0005 
97 0.015 173 0.0007 
87 0.0051 157 0.0003 
115 0.0003 201 0.0019 
85 0.0021 172 0.0041 
136 0.0245 197 0.0006 
110 0.0066 180 0.0013 
151 0.012 193 0.0061 
135 0.020 191 0.0015 
149 0.0074 200 0.0025 
118 0.0005 169 n.d. 
134 0.0062 170 0.0043 
131 0.0038 190 0.0009 
122 0.0062 198 0.0011 
146 0.0053 199 0.0015 
132 0.0070 203 0.0004 
153 0.021 196 0.0003 
105 0.0001 189 0.0014 
141 0.0014 208 0.0003 
179 0.0010 195 0.0012 
130 0.024 207 0.0007 
176 0.0071 194 0.0011 
137 0.0004 205 0.0019 
160 n.d. 206 0.0008 
138 0.0023 209 0.0004 
158 0.0006   
Note: Detection Limits are defined by µg/mL in sample extract  




Appendix I. PCB Congener Results from Surficial Sediment Sample Analysis 
PCB Congeners in the Southern Basin Surficial Sediment Samples 
Congener   
(Location Name) Ley Creek South Center South Deep 
(Sample ID) LEC_01 SC_01 & SC_02 SD_05 & SD_06 
(Year) 2016 2016 2016 
(Sample Mass (g)) 1.5045 1.5036 1.5009 
(Water Depth (m)) 1.00 N.D. 19.00 
  Conc. (µg/g) Std. Dev. Conc. (µg/g) Std. Dev. Conc. (µg/g) Std. Dev. 
5 n.d. n.d. 0.0003 1.1 x 10-4 n.d. n.d. 
6 0.047 1.1 x 10-3 0.044 9.7 x 10-3 0.027 n.d. 
8 n.d. n.d. 0.041 1.4 x 10-2 n.d. n.d. 
15 0.013 n.d. 0.021 6.2 x 10-3 n.d. n.d. 
16 n.d. n.d. 0.019 3.8 x 10-3 n.d. n.d. 
17 0.025 n.d. 0.040 1.2 x 10-2 n.d. n.d. 
18 0.053 n.d. 0.086 2.6 x 10-2 n.d. n.d. 
19 0.040 n.d. 0.022 1.4 x 10-3 n.d. n.d. 
20 n.d. n.d. n.d. n.d. n.d. n.d. 
22 n.d. n.d. 0.0097 n.d. n.d. n.d. 
24 n.d. n.d. 0.012 n.d. n.d. n.d. 
25 n.d. n.d. n.d. n.d. n.d. n.d. 
26 0.022 7.1 x 10-3 0.036 1.5 x 10-2 n.d. n.d. 
28 n.d. n.d. n.d. n.d. n.d. n.d. 
29 n.d. n.d. n.d. n.d. n.d. n.d. 
31 n.d. n.d. n.d. n.d. n.d. n.d. 
32 n.d. n.d. 0.0084 1.7 x 10-3 n.d. n.d. 
33 n.d. n.d. n.d. n.d. n.d. n.d. 
34 n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. 
37 0.0043 n.d. n.d. n.d. n.d. n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. 
41 n.d. n.d. 0.014 2.4 x 10-3 n.d. n.d. 
42 0.013 n.d. n.d. n.d. n.d. n.d. 
44 0.015 n.d. 0.020 3.9 x 10-3 n.d. n.d. 
45 n.d. n.d. 0.11 n.d. n.d. n.d. 
46 0.034 5.1 x 10-3 n.d. n.d. n.d. n.d. 
49 0.10 6.7 x 10-3 n.d. n.d. n.d. n.d. 
51 n.d. n.d. 0.0007 n.d. n.d. n.d. 
52 n.d. n.d. n.d. n.d. n.d. n.d. 
53 n.d. n.d. n.d. n.d. n.d. n.d. 
56 n.d. n.d. n.d. n.d. n.d. n.d. 
59 0.0055 n.d. n.d. n.d. n.d. n.d. 
60 N.D. n.d. n.d. n.d. n.d. n.d. 
63 0.0099 n.d. 0.012 n.d. n.d. n.d. 
64 n.d. n.d. 0.023 3.9 x 10-3 n.d. n.d. 
66 0.0067 1.8 x 10-4 0.0086 1.1 x 10-3 n.d. n.d. 
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67 0.024 2.4 x 10-2 0.055 4.7 x 10-3 n.d. n.d. 
69 n.d. n.d. n.d. n.d. n.d. n.d. 
70 n.d. n.d. n.d. n.d. n.d. n.d. 
74 n.d. n.d. 0.0230 3.9 x 10-3 n.d. n.d. 
77 0.0036 4.2 x 10-4 0.0043 1.5 x 10-3 0.0016 n.d. 
82 0.010 2.4 x 10-3 0.026 7.9 x 10-3 0.0080 4.1 x 10-4 
83 0.0087 N.D. 0.0090 3.1 x 10-4 n.d. n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.0088 N.D. 0.013 3.2 x 10-3 0.0048 7.1 x 10-5 
87 0.014 2.1 x 10-3 0.019 5.1 x 10-3 0.0097 2.8 x 10-3 
90 n.d. n.d. n.d. n.d. n.d. n.d. 
91 n.d. n.d. 0.013 n.d. n.d. n.d. 
92 n.d. n.d. n.d. n.d. n.d. n.d. 
95 0.029 7.8 x 10-4 0.038 4.6 x 10-3 n.d. n.d. 
96 n.d. n.d. n.d. n.d. n.d. n.d. 
97 0.029 N.D. 0.030 2.9 x 10-3 n.d. n.d. 
99 n.d. n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. n.d. n.d. 
105 0.0031 5.6 x 10-4 0.0039 1.3 x 10-3 n.d. n.d. 
107 n.d. n.d. n.d. n.d. n.d. n.d. 
110 0.019 2.2 x 10-3 0.022 7.8 x 10-3 0.0083 n.d. 
115 0.0012 1.8 x 10-4 0.0017 4.4 x 10-4 0.0008 2.4 x 10-4 
118 0.0073 1.5 x 10-3 0.015 2.9 x 10-3 0.0053 n.d. 
119 n.d. n.d. 0.010 n.d. n.d. n.d. 
122 n.d. n.d. n.d. n.d. 0.016 2.7 x 10-3 
123 n.d. n.d. n.d. n.d. n.d. n.d. 
128 n.d. n.d. n.d. n.d. n.d. n.d. 
129 0.0037 N.D. 0.0031 n.d. n.d. n.d. 
130 n.d. n.d. n.d. n.d. n.d. n.d. 
131 n.d. n.d. n.d. n.d. 0.0083 1.4 x 10-3 
132 0.012 2.3 x 10-3 0.016 5.2 x 10-3 n.d. n.d. 
134 0.0096 2.0 x 10-3 0.015 2.1 x 10-3 0.0079 n.d. 
135 n.d. n.d. n.d. n.d. n.d. n.d. 
136 n.d. n.d. 0.076 1.3 x 10-2 n.d. n.d. 
137 0.0012 6.5 x 10-5 0.0013 1.8 x 10-4 n.d. n.d. 
138 0.015 2.5 x 10-3 0.024 7.9 x 10-3 n.d. n.d. 
141 0.0026 n.d. 0.0042 1.5 x 10-3 n.d. n.d. 
146 n.d. n.d. 0.018 4.6 x 10-4 n.d. n.d. 
149 0.0149 3.1 x 10-3 0.031 6.0 x 10-3 0.011 n.d. 
151 n.d. n.d. 0.035 1.1 x 10-2 n.d. n.d. 
153 0.036 6.5 x 10-3 0.046 1.5 x 10-2 n.d. n.d. 
156 0.0076 N.D. 0.0083 2.6 x 10-3 n.d. n.d. 
157 0.0005 2.7 x 10-5 0.0008 2.6 x 10-4 0.0005 n.d. 
158 0.0015 2.5 x 10-4 0.0024 8.0 x 10-4 n.d. n.d. 
160 n.d. 8.1 x 10-6 0.0001 2.6 x 10-5 n.d. n.d. 
167 n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. 
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170 n.d. n.d. 0.019 n.d. n.d. n.d. 
171 0.0066 n.d. 0.0073 2.3 x 10-3 n.d. n.d. 
172 n.d. n.d. 0.0094 n.d. n.d. n.d. 
173 0.0013 7.0 x 10-5 0.0021 6.6 x 10-4 0.0014 n.d. 
174 0.012 n.d. 0.010 2.9 x 10-3 n.d. n.d. 
175 0.0076 5.9 x 10-4 0.0085 1.8 x 10-3 0.0038 n.d. 
176 0.018 1.0 x 10-3 0.020 2.8 x 10-3 n.d. n.d. 
177 0.0091 n.d. 0.011 1.7 x 10-3 n.d. n.d. 
178 0.0054 n.d. 0.0045 n.d. n.d. n.d. 
179 0.0018 n.d. 0.0029 1.1 x 10-3 n.d. n.d. 
180 0.0032 n.d. 0.0075 4.5 x 10-3 n.d. n.d. 
183 0.0047 1.3 x 10-3 0.0058 2.3 x 10-3 n.d. n.d. 
185 0.0064 4.4 x 10-4 0.0045 4.3 x 10-4 0.0039 n.d. 
187 n.d. n.d. n.d. n.d. n.d. n.d. 
189 n.d. n.d. n.d. n.d. n.d. n.d. 
190 n.d. n.d. 0.0018 n.d. n.d. n.d. 
191 n.d. n.d. 0.010 2.7 x 10-3 0.0032 n.d. 
193 n.d. n.d. 0.013 n.d. n.d. n.d. 
194 n.d. n.d. 0.0026 1.6 x 10-4 0.0040 n.d. 
195 n.d. n.d. 0.0037 1.1 x 10-3 0.0034 n.d. 
196 0.0010 n.d. 0.0024 1.6 x 10-3 0.0016 n.d. 
197 n.d. n.d. 0.0056 n.d. n.d. n.d. 
198 n.d. n.d. n.d. n.d. 0.0024 n.d. 
199 n.d. n.d. 0.0053 1.5 x 10-3 n.d. n.d. 
200 n.d. n.d. n.d. n.d. n.d. n.d. 
201 0.0037 1.9 x 10-4 0.0058 1.8 x 10-3 0.0038 n.d. 
202 0.0014 n.d. 0.0016 4.9 x 10-4 n.d. n.d. 
203 0.0014 n.d. 0.0034 2.2 x 10-3 0.0022 n.d. 
205 n.d. n.d. n.d. n.d. 0.0044 n.d. 
206 0.0019 n.d. 0.0027 9.8 x 10-4 0.0027 n.d. 
207 0.0010 n.d. 0.0010 1.0 x 10-4 0.0012 n.d. 
208 n.d. n.d. 0.0009 2.8 x 10-4 0.0008 n.d. 
209 n.d. n.d. 0.0009 N.D. n.d. n.d. 
[tPCB] 0.74 7.5 x 10-2 1.3 2.5 x 10-1 0.15 7.7 x 10-3 












(Location Name) Southeast Corner Southeast Shore 
(Sample ID) SEC_01 & SEC_02 SES_01 & SES_02 
(Year) 2016 2016 
(Sample Mass (g)) 1.5020 1.5023 
(Water Depth (m)) 1.30 7.75 
  Conc. (µg/g) Std. Dev. Conc. (µg/g) Std. Dev. 
5 n.d. n.d. n.d. n.d. 
6 n.d. n.d. n.d. n.d. 
8 n.d. n.d. n.d. n.d. 
15 n.d. n.d. n.d. n.d. 
16 n.d. n.d. n.d. n.d. 
17 n.d. n.d. n.d. n.d. 
18 n.d. n.d. n.d. n.d. 
19 n.d. n.d. n.d. n.d. 
20 n.d. n.d. n.d. n.d. 
22 n.d. n.d. n.d. n.d. 
24 n.d. n.d. n.d. n.d. 
25 n.d. n.d. n.d. n.d. 
26 n.d. n.d. n.d. n.d. 
28 n.d. n.d. n.d. n.d. 
29 n.d. n.d. n.d. n.d. 
31 n.d. n.d. n.d. n.d. 
32 n.d. n.d. n.d. n.d. 
33 n.d. n.d. n.d. n.d. 
34 n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. 
37 n.d. n.d. 0.0044 n.d. 
40 n.d. n.d. n.d. n.d. 
41 n.d. n.d. n.d. n.d. 
42 n.d. n.d. 0.014 n.d. 
44 n.d. n.d. n.d. n.d. 
45 n.d. n.d. n.d. n.d. 
46 n.d. n.d. n.d. n.d. 
49 n.d. n.d. n.d. n.d. 
51 n.d. n.d. n.d. n.d. 
52 n.d. n.d. n.d. n.d. 
53 n.d. n.d. n.d. n.d. 
56 0.0062 n.d. n.d. n.d. 
59 n.d. n.d. 0.0055 n.d. 
60 0.0051 n.d. n.d. n.d. 
63 n.d. n.d. n.d. n.d. 
64 n.d. n.d. n.d. n.d. 
66 n.d. n.d. n.d. n.d. 
67 n.d. n.d. n.d. n.d. 
69 n.d. n.d. n.d. n.d. 
70 n.d. n.d. n.d. n.d. 
74 n.d. n.d. n.d. n.d. 
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77 n.d. n.d. 0.0022 n.d. 
82 0.0099 7.9 x 10-4 0.0078 n.d. 
83 n.d. n.d. n.d. n.d. 
84 n.d. n.d. n.d. n.d. 
85 n.d. n.d. 0.0054 9.1 x 10-5 
87 0.0090 n.d. 0.0090 n.d. 
90 n.d. n.d. n.d. n.d. 
91 n.d. n.d. n.d. n.d. 
92 0.043 n.d. n.d. n.d. 
95 n.d. n.d. n.d. n.d. 
96 n.d. n.d. n.d. n.d. 
97 n.d. n.d. n.d. n.d. 
99 n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. 
105 n.d. n.d. 0.0017 8.8 x 10-5 
107 n.d. n.d. n.d. n.d. 
110 n.d. n.d. 0.012 n.d. 
115 n.d. n.d. 0.0008 n.d. 
118 0.0045 n.d. 0.0046 4.8 x 10-4 
119 n.d. n.d. n.d. n.d. 
122 n.d. n.d. n.d. n.d. 
123 n.d. n.d. n.d. n.d. 
128 n.d. n.d. n.d. n.d. 
129 0.0026 n.d. n.d. n.d. 
130 n.d. n.d. n.d. n.d. 
131 n.d. n.d. n.d. n.d. 
132 n.d. n.d. 0.0068 3.4 x 10-4 
134 0.0099 n.d. n.d. n.d. 
135 n.d. n.d. n.d. n.d. 
136 n.d. n.d. n.d. n.d. 
137 0.0010 n.d. n.d. n.d. 
138 n.d. n.d. n.d. n.d. 
141 0.0025 n.d. n.d. n.d. 
146 n.d. n.d. n.d. n.d. 
149 0.0092 n.d. 0.0093 9.7 x 10-4 
151 n.d. n.d. n.d. n.d. 
153 n.d. n.d. 0.020 9.7 x 10-4 
156 n.d. n.d. 0.0043 N.D. 
157 n.d. n.d. n.d. n.d. 
158 n.d. n.d. n.d. n.d. 
160 n.d. n.d. n.d. n.d. 
167 n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. 
170 n.d. n.d. n.d. n.d. 
171 n.d. n.d. 0.0024 n.d. 
172 n.d. n.d. n.d. n.d. 
173 n.d. n.d. n.d. n.d. 
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174 n.d. n.d. 0.0071 n.d. 
175 0.0044 n.d. 0.0041 n.d. 
176 0.015 n.d. n.d. n.d. 
177 n.d. n.d. n.d. n.d. 
178 0.0038 n.d. n.d. n.d. 
179 0.0017 n.d. n.d. n.d. 
180 n.d. n.d. n.d. n.d. 
183 n.d. n.d. n.d. n.d. 
185 n.d. n.d. n.d. n.d. 
187 n.d. n.d. n.d. n.d. 
189 n.d. n.d. n.d. n.d. 
190 n.d. n.d. n.d. n.d. 
191 0.0035 n.d. n.d. n.d. 
193 n.d. n.d. n.d. n.d. 
194 n.d. n.d. n.d. n.d. 
195 n.d. n.d. n.d. n.d. 
196 0.0005 n.d. 0.0006 2.8 x 10-5 
197 n.d. n.d. n.d. n.d. 
198 n.d. n.d. n.d. n.d. 
199 n.d. n.d. n.d. n.d. 
200 n.d. n.d. n.d. n.d. 
201 n.d. n.d. n.d. n.d. 
202 n.d. n.d. n.d. n.d. 
203 0.0007 n.d. 0.0008 4.0 x 10-5 
205 0.0031 n.d. n.d. n.d. 
206 n.d. n.d. n.d. n.d. 
207 n.d. n.d. n.d. n.d. 
208 n.d. n.d. n.d. n.d. 
209 n.d. n.d. n.d. n.d. 
[tPCB] 0.14 7.9 x 10-4 0.12 3.0 x 10-3 














PCB Congeners in the Northern Basin Surficial Sediment Samples 
Congener 
(Location Name) Northeast Shore North Deep Northwest Shore Lake Outlet 
(Sample ID) NES_01 & NES_02 ND_01 & ND_02 NWS_01 & NWS_02 LO_01 & LO_02 
(Year) 2016 2016 2016 2016 
(Sample Mass (g)) 1.5027 1.5021 1.5022 1.5011 
(Water Depth (m)) N.D. 18.00 12.50 8.50 
  Conc. (µg/g) Std. Dev. Conc. (µg/g) Std. Dev. Conc. (µg/g) Std. Dev. Conc. (µg/g) Std. Dev. 
5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6 0.026 7.8 x 10-3 n.d. n.d. n.d. n.d. n.d. n.d. 
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
15 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
16 0.028 2.0 x 10-2 n.d. n.d. n.d. n.d. n.d. n.d. 
17 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
18 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
19 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
20 0.0001 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
22 0.018 7.4 x 10-3 n.d. n.d. n.d. n.d. n.d. n.d. 
24 0.029 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
25 0.026 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
26 0.027 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
28 0.011 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
29 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
31 0.0081 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
32 0.012 8.5 x 10-3 n.d. n.d. n.d. n.d. n.d. n.d. 
33 0.0025 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 0.0093 1.8 x 10-3 n.d. n.d. 0.022 n.d. n.d. n.d. 
42 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
44 0.022 3.5 x 10-3 n.d. n.d. n.d. n.d. n.d. n.d. 
45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
46 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
49 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
51 0.0012 5.0 x 10-4 n.d. n.d. n.d. n.d. n.d. n.d. 
52 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
53 0.0003 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
59 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
60 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
63 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
64 0.015 2.8 x 10-3 n.d. n.d. 0.012 n.d. n.d. n.d. 
66 0.0054 4.0 x 10-4 n.d. n.d. n.d. n.d. n.d. n.d. 
67 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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70 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
74 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
77 0.0050 1.7 x 10-3 0.0016 9.6 x 10-5 n.d. n.d. 0.0016 n.d. 
82 0.018 3.2 x 10-3 n.d. n.d. 0.0089 N.D. 0.0062 6.7 x 10-4 
83 0.0094 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.0070 2.2 x 10-3 0.0066 1.8 x 10-3 n.d. n.d. 0.0062 5.6 x 10-4 
87 0.014 5.4 x 10-3 0.0051 n.d. n.d. n.d. n.d. n.d. 
90 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
91 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
92 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
95 0.024 1.7 x 10-3 n.d. n.d. n.d. n.d. n.d. n.d. 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 0.030 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
99 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
105 0.0024 4.6 x 10-4 0.0023 1.3 x 10-4 n.d. n.d. 0.0014 1.5 x 10-6 
107 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
110 0.026 8.5 x 10-3 0.0072 1.0 x 10-3 n.d. n.d. 0.0061 n.d. 
115 0.0012 4.7 x 10-4 0.0004 n.d. n.d. n.d. n.d. n.d. 
118 0.0078 1.9 x 10-3 n.d. n.d. n.d. n.d. 0.0035 n.d. 
119 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
122 0.024 1.2 x 10-2 n.d. n.d. n.d. n.d. 0.0087 n.d. 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
129 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
130 n.d. n.d. 0.0090 n.d. n.d. n.d. n.d. n.d. 
131 0.013 6.2 x 10-3 n.d. n.d. n.d. n.d. 0.0049 n.d. 
132 0.0097 1.9 x 10-3 0.0080 8.3 x 10-4 n.d. n.d. 0.0041 7.9 x 10-5 
134 0.0075 n.d. 0.0096 1.0 x 10-4 n.d. n.d. n.d. n.d. 
135 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
136 0.052 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
137 n.d. n.d. 0.0005 n.d. n.d. n.d. n.d. n.d. 
138 0.015 n.d. 0.012 n.d. n.d. n.d. n.d. n.d. 
141 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
146 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
149 0.016 3.8 x 10-3 n.d. n.d. n.d. n.d. 0.0059 n.d. 
151 0.028 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
153 0.028 5.3 x 10-3 0.023 2.4 x 10-3 n.d. n.d. 0.012 2.3 x 10-4 
156 0.0053 2.0 x 10-4 0.0028 1.0 x 10-3 n.d. n.d. 0.0017 3.0 x 10-4 
157 0.0007 5.9 x 10-5 n.d. n.d. n.d. n.d. n.d. n.d. 
158 0.0015 n.d. 0.0007 n.d. n.d. n.d. n.d. n.d. 
160 n.d. n.d. 0.0000 n.d. n.d. n.d. n.d. n.d. 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
171 0.0046 1.7 x 10-4 0.0025 8.4 x 10-4 n.d. n.d. 0.0017 1.7 x 10-4 
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172 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
173 0.0017 1.5 x 10-4 n.d. n.d. n.d. n.d. n.d. n.d. 
174 0.0079 n.d. 0.0067 n.d. n.d. n.d. n.d. n.d. 
175 0.0053 1.8 x 10-4 0.0057 n.d. n.d. n.d. 0.0034 n.d. 
176 n.d. n.d. 0.0078 n.d. n.d. n.d. n.d. n.d. 
177 0.0078 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
178 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
179 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
180 0.0034 5.6 x 10-4 n.d. n.d. n.d. n.d. 0.0017 n.d. 
183 0.0035 n.d. 0.0032 n.d. n.d. n.d. n.d. n.d. 
185 n.d. n.d. 0.0040 n.d. n.d. n.d. 0.0017 n.d. 
187 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
189 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
190 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
191 0.0034 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 0.0023 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
195 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
196 0.0012 6.4 x 10-4 0.0004 8.1 x 10-5 n.d. n.d. n.d. n.d. 
197 0.0018 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
198 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
199 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
200 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
201 0.0047 4.2 x 10-4 n.d. n.d. n.d. n.d. n.d. n.d. 
202 0.0010 3.7 x 10-5 0.0006 1.6 x 10-4 n.d. n.d. 0.0005 n.d. 
203 0.0017 9.2 x 10-4 0.0006 1.2 x 10-4 n.d. n.d. n.d. n.d. 
205 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
206 0.0022 2.2 x 10-4 n.d. n.d. n.d. n.d. 0.0012 n.d. 
207 0.0008 5.1 x 10-6 n.d. n.d. n.d. n.d. n.d. n.d. 
208 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
209 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
[tPCB] 0.64 1.1 x 10-1 0.12 8.7 x 10-3 0.043 n.d. 0.072 2.0 x 10-3 












Appendix J. Organic Compound (excluding PCB) Results from Core Sample Analysis 













(Year) 2016 2011 2009 2006 2005 
(Sample Mass (g)) 1.5009 1.4604 1.4482 1.5785 1.0009 
(Lamination/Depth) -- 0-0.5 cm 2-3 cm L1 L2 
  
Conc. 







tPAH 0.69 1.5 1.5 1.3 1.5 
chlorobenzene n.d. n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB 0.21 0.039 0.040 0.070 0.09 
1,2-DCB 0.076 n.d. n.d. n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB 0.022 n.d. n.d. n.d. n.d. 
naphthalene 0.19 0.062 0.062 0.071 0.087 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE n.d. n.d. n.d. n.d. n.d. 
PTE 0.16 n.d. n.d. n.d. n.d. 
fluorene 0.023 0.013 n.d. 0.013 n.d. 
PXE 0.24 0.063 0.063 0.048 0.068 
phenanthrene 0.11 0.14 0.15 0.11 0.11 
anthracene 0.021 0.020 0.019 0.019 0.019 
fluoranthene 0.17 0.26 0.27 0.24 0.26 
pyrene 0.15 0.24 0.24 0.23 0.25 
benz[a]anthracene n.d. 0.059 0.060 0.067 0.072 
chrysene 0.021 0.18 0.18 0.16 0.17 
benzo[b]fluoranthene 0.013 0.11 0.12 0.11 0.14 
benzo[k]fluoranthene n.d. 0.12 0.13 0.11 0.16 
benzo[a]pyrene n.d. 0.066 0.075 0.068 0.084 
indeno[1,2,3-
cd]pyrene n.d. 0.061 0.061 0.038 0.055 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. n.d. 
benzo[g,h,i]perylene n.d. 0.12 0.12 0.080 0.11 

















(Year) 2004 2003 2002 2001 2000 
(Sample Mass (g)) 1.4215 0.996 1.0375 0.9509 0.9664 
(Lamination/Depth) L3 L4 L5 L6 L7 









tPAH 0.96 0.78 3.2 2.6 1.6 
chlorobenzene n.d. n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB 0.072 0.068 0.18 0.11 0.15 
1,2-DCB n.d. n.d. 0.069 n.d. 0.053 
1,3,5-TCB n.d. n.d. 0.028 n.d. n.d. 
1,2,4-TCB n.d. n.d. 0.038 n.d. n.d. 
naphthalene 0.070 0.052 0.19 0.13 0.15 
1,2,3-TCB n.d. n.d. 0.022 n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE n.d. n.d. n.d. n.d. n.d. 
PTE n.d. n.d. n.d. n.d. n.d. 
fluorene n.d. n.d. 0.036 0.024 n.d. 
PXE 0.067 0.058 0.19 0.18 0.11 
phenanthrene 0.077 0.074 0.24 0.20 0.11 
anthracene 0.016 0.010 0.077 0.047 0.022 
fluoranthene 0.17 0.16 0.49 0.41 0.22 
pyrene 0.16 0.14 0.47 0.44 0.22 
benz[a]anthracene 0.038 n.d. 0.16 0.21 0.078 
chrysene 0.11 0.10 0.36 0.34 0.19 
benzo[b]fluoranthene 0.066 0.070 0.29 0.19 0.13 
benzo[k]fluoranthene 0.083 0.076 0.29 0.22 0.14 
benzo[a]pyrene 0.056 0.034 0.21 0.15 0.10 
indeno[1,2,3-
cd]pyrene 0.036 n.d. 0.13 0.063 0.071 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. n.d. 
benzo[g,h,i]perylene 0.075 0.051 0.27 0.20 0.12 


















(Year) 1999 1998 1997 1996 1995 
(Sample Mass (g)) 0.974 1.4762 1.5183 0.992 1.019 
(Lamination/Depth) L8 L9 L10 L11 L12 









tPAH 3.1 2.4 2.3 1.7 2.1 
chlorobenzene 0.12 0.061 0.064 n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB 0.33 0.17 0.15 0.12 0.12 
1,2-DCB 0.13 0.048 0.046 n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB 0.050 0.021 0.018 n.d. n.d. 
naphthalene 0.28 0.17 0.15 0.14 0.14 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE n.d. n.d. n.d. n.d. n.d. 
PTE n.d. n.d. n.d. n.d. n.d. 
fluorene n.d. 0.018 0.028 0.019 n.d. 
PXE 0.22 0.12 0.14 0.15 0.17 
phenanthrene 0.20 0.15 0.14 0.13 0.16 
anthracene 0.053 0.029 0.032 0.027 0.025 
fluoranthene 0.44 0.32 0.30 0.26 0.32 
pyrene 0.41 0.33 0.30 0.28 0.31 
benz[a]anthracene 0.18 0.17 0.15 0.13 0.13 
chrysene 0.34 0.28 0.27 0.19 0.26 
benzo[b]fluoranthene 0.23 0.19 0.22 0.13 0.17 
benzo[k]fluoranthene 0.27 0.22 0.17 0.14 0.17 
benzo[a]pyrene 0.22 0.16 0.15 0.11 0.15 
indeno[1,2,3-
cd]pyrene 0.16 0.13 0.14 0.036 0.060 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. n.d. 
benzo[g,h,i]perylene 0.28 0.25 0.23 0.098 0.16 



















(Year) 1994 1993 1992 1991 1990 
(Sample Mass (g)) 1.0141 1.5416 1.0075 1.5118 1.0119 
(Lamination/Depth) L13 L14 L15 L16 L17 









tPAH 2.8 2.0 1.3 1.5 1.4 
chlorobenzene n.d. n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB 0.18 0.099 0.60 0.10 0.14 
1,2-DCB 0.065 0.036 n.d. n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB 0.030 n.d. n.d. n.d. n.d. 
naphthalene 0.22 0.095 0.23 0.098 0.11 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE n.d. n.d. n.d. n.d. n.d. 
PTE n.d. n.d. n.d. n.d. n.d. 
fluorene 0.034 0.014 n.d. n.d. n.d. 
PXE 0.18 0.11 0.20 0.15 0.060 
phenanthrene 0.20 0.13 0.13 0.13 0.15 
anthracene 0.046 0.029 0.031 0.030 0.040 
fluoranthene 0.37 0.29 0.25 0.25 0.27 
pyrene 0.41 0.29 0.26 0.25 0.23 
benz[a]anthracene 0.16 0.15 n.d. 0.095 0.052 
chrysene 0.36 0.21 0.13 0.16 n.d. 
benzo[b]fluoranthene 0.24 0.15 0.074 0.085 0.13 
benzo[k]fluoranthene 0.22 0.18 0.079 0.14 0.080 
benzo[a]pyrene 0.18 0.13 0.068 0.11 0.10 
indeno[1,2,3-
cd]pyrene 0.11 0.11 n.d. 0.063 0.073 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. n.d. 
benzo[g,h,i]perylene 0.19 0.18 0.041 0.12 0.12 
















(Year) 1989 1988 & 1987* 1986 1985 
(Sample Mass (g)) 1.4665 1.4682 1.487 0.9934 
(Lamination/Depth) L18 L19-20 L21 L22 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
tPAH 0.74 1.0 0.97 1.3 
chlorobenzene n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. 
1,4-DCB 0.11 0.14 0.11 0.15 
1,2-DCB n.d. n.d. n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. 
naphthalene 0.10 0.12 0.11 0.14 
1,2,3-TCB n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. 
o-PTE n.d. n.d. n.d. n.d. 
PTE n.d. n.d. n.d. 0.15 
fluorene n.d. n.d. n.d. n.d. 
PXE 0.11 0.13 0.12 0.42 
phenanthrene 0.11 0.12 0.092 0.15 
anthracene 0.034 0.026 0.026 0.045 
fluoranthene 0.16 0.19 0.14 0.20 
pyrene 0.16 0.20 0.15 0.22 
benz[a]anthracene n.d. n.d. 0.041 n.d. 
chrysene n.d. 0.15 0.10 0.17 
benzo[b]fluoranthene 0.037 0.046 0.049 0.081 
benzo[k]fluoranthene 0.070 0.088 0.084 0.11 
benzo[a]pyrene 0.033 0.071 0.073 0.099 
indeno[1,2,3-
cd]pyrene n.d. n.d. 0.034 n.d. 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. 
benzo[g,h,i]perylene 0.025 n.d. 0.071 0.060 
Note: n.d. = not detected/below detection limit 
*Note: Sample OLV2 R1858V contained both the laminations for 1988 and 1987 due to 


















(Year) 1984 1983 1982 1981 1980 
(Sample Mass (g)) 1.4927 0.998 1.4853 0.7641 1.484 
(Lamination/Depth) L23 L24 L25 L26 L27 









tPAH 0.62 0.92 0.74 0.56 0.92 
chlorobenzene n.d. n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB 0.11 0.099 0.25 0.081 0.13 
1,2-DCB n.d. n.d. n.d. n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. n.d. 
naphthalene 0.084 0.090 0.18 0.067 0.091 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE n.d. n.d. n.d. n.d. n.d. 
PTE n.d. n.d. 0.10 n.d. n.d. 
fluorene n.d. n.d. n.d. n.d. n.d. 
PXE 0.16 0.040 0.23 0.11 0.019 
phenanthrene 0.085 0.10 0.11 0.081 0.066 
anthracene 0.025 0.025 0.030 0.021 0.0096 
fluoranthene 0.12 0.15 0.13 0.11 0.11 
pyrene 0.12 0.16 0.15 0.13 0.12 
benz[a]anthracene n.d. n.d. n.d. n.d. 0.036 
chrysene 0.069 0.12 n.d. n.d. 0.094 
benzo[b]fluoranthene 0.040 0.058 0.041 0.052 0.070 
benzo[k]fluoranthene 0.036 0.077 0.057 0.059 0.11 
benzo[a]pyrene 0.046 0.078 0.038 0.044 0.087 
indeno[1,2,3-
cd]pyrene n.d. n.d. n.d. n.d. 0.039 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. n.d. 
benzo[g,h,i]perylene n.d. 0.0521 n.d. n.d. 0.0854 


















(Year) 1979 1978 1977 1976 1975 
(Sample Mass (g)) 1.4761 1.4812 1.5109 1.0141 1.4941 
(Lamination/Depth) L28 L29 L30 L31 L32 




(µg/g) Conc. (µg/g) 
Conc. 
(µg/g) 
tPAH 1.3 1.7 1.4 2.9 2.6 
chlorobenzene n.d. n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB 0.21 0.30 0.19 0.25 0.29 
1,2-DCB n.d. n.d. n.d. n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. n.d. 
naphthalene 0.14 0.17 0.085 0.094 0.11 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE n.d. n.d. n.d. n.d. n.d. 
PTE 0.072 0.092 0.061 0.090 0.13 
fluorene n.d. n.d. n.d. n.d. n.d. 
PXE 0.20 0.22 0.17 0.36 0.45 
phenanthrene 0.11 0.14 0.080 0.25 0.15 
anthracene 0.029 0.042 0.028 0.088 0.040 
fluoranthene 0.17 0.22 0.14 0.32 0.24 
pyrene 0.19 0.25 0.16 0.39 0.30 
benz[a]anthracene 0.053 0.10 0.091 0.37 0.17 
chrysene 0.18 0.20 0.18 0.33 0.37 
benzo[b]fluoranthene 0.096 0.12 0.098 0.22 0.25 
benzo[k]fluoranthene 0.10 0.16 0.14 0.25 0.23 
benzo[a]pyrene 0.098 0.12 0.12 0.23 0.19 
indeno[1,2,3-
cd]pyrene 0.070 0.064 0.099 0.15 0.20 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. 0.042 
benzo[g,h,i]perylene 0.11 0.14 0.14 0.25 0.29 



















(Year) 1974 1973 1972 1971 1970 
(Sample Mass (g)) 1.0282 1.0294 0.9873 1.519 1.5041 





(µg/g) Conc. (µg/g) Conc. (µg/g) 
Conc. 
(µg/g) 
tPAH 2.9 3.1 2.8 3.4 5.2 
chlorobenzene n.d. n.d. n.d. 0.28 n.d. 
1,3-DCB n.d. n.d. n.d. 0.081 0.15 
1,4-DCB 0.42 0.41 0.40 0.59 0.93 
1,2-DCB n.d. n.d. n.d. 0.13 0.24 
1,3,5-TCB n.d. n.d. n.d. n.d. 0.021 
1,2,4-TCB n.d. n.d. n.d. n.d. 0.063 
naphthalene 0.14 0.10 0.10 0.090 0.15 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE n.d. n.d. n.d. 0.065 0.084 
PTE 0.14 0.16 0.16 0.30 0.42 
fluorene n.d. n.d. n.d. n.d. n.d. 
PXE 0.50 0.52 0.53 0.69 0.99 
phenanthrene 0.17 0.16 0.20 0.19 0.31 
anthracene 0.059 0.052 0.070 0.061 0.082 
fluoranthene 0.27 0.33 0.30 0.45 0.57 
pyrene 0.39 0.43 0.37 0.62 0.79 
benz[a]anthracene 0.32 0.23 0.40 0.22 0.44 
chrysene 0.38 0.46 0.39 0.42 0.66 
benzo[b]fluoranthene 0.22 0.37 0.20 0.26 0.47 
benzo[k]fluoranthene 0.23 0.24 0.28 0.27 0.49 
benzo[a]pyrene 0.25 0.19 0.18 0.22 0.32 
indeno[1,2,3-
cd]pyrene 0.18 0.20 0.13 0.21 0.38 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. 0.073 
benzo[g,h,i]perylene 0.27 0.29 0.21 0.34 0.48 


















(Year) 1969 1968 1967 1966 1965 
(Sample Mass (g)) 1.5318 1.5153 1.0174 0.7502 1.0025 
(Lamination/Depth) L38 L39 L40 L41 L42 









tPAH 6.9 7.4 5.8 5.3 3.6 
chlorobenzene 0.62 0.73 0.86 0.57 n.d. 
1,3-DCB 0.20 0.27 0.29 0.26 0.18 
1,4-DCB 1.7 1.9 2.3 1.6 0.83 
1,2-DCB 0.44 0.38 0.46 0.29 0.15 
1,3,5-TCB 0.039 0.039 0.019 0.034 n.d. 
1,2,4-TCB 0.13 0.14 0.13 0.14 0.075 
naphthalene 0.21 0.19 0.19 0.15 0.14 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE 0.15 0.16 0.23 0.57 0.612 
PTE 0.43 0.53 0.73 1.9 2.2 
fluorene 0.065 0.077 n.d. 0.15 n.d. 
PXE 1.4 1.3 1.2 5.1 8.4 
phenanthrene 0.42 0.50 0.47 0.45 0.367 
anthracene 0.12 0.12 0.080 0.12 0.079 
fluoranthene 0.96 1.0 0.95 0.77 0.73 
pyrene 1.0 1.2 1.1 0.92 0.81 
benz[a]anthracene 0.47 0.50 0.45 0.44 0.30 
chrysene 0.82 0.84 0.69 0.58 0.62 
benzo[b]fluoranthene 0.58 0.61 0.44 0.43 0.18 
benzo[k]fluoranthene 0.64 0.70 0.48 0.46 0.21 
benzo[a]pyrene 0.49 0.52 0.37 0.30 0.11 
indeno[1,2,3-
cd]pyrene 0.44 0.49 0.22 0.24 n.d. 
dibenz[a,h]anthracene 0.094 0.064 0.061 n.d. n.d. 
benzo[g,h,i]perylene 0.57 0.55 0.34 0.31 n.d. 


















(Year) 1964 1963 1962 1961 1960 
(Sample Mass (g)) 1.0079 0.9809 0.9972 1.0256 0.996 
(Lamination/Depth) L43 L44 L45 L46 L47 





tPAH 7.7 15.7 16.7 8.4 9.1 
chlorobenzene 0.63 0.96 0.60 n.d. n.d. 
1,3-DCB 0.36 0.52 0.28 0.11 0.11 
1,4-DCB 1.5 2.5 2.2 0.61 0.70 
1,2-DCB 0.21 0.51 0.57 0.15 0.17 
1,3,5-TCB 0.032 0.049 0.037 0.015 n.d. 
1,2,4-TCB 0.15 0.13 0.11 n.d. n.d. 
naphthalene 0.22 0.52 0.50 0.24 0.26 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. 0.28 0.29 n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE 1.8 1.4 2.2 0.88 0.74 
PTE 8.2 5.6 9.2 2.9 2.6 
fluorene 0.11 0.12 0.11 0.10 n.d. 
PXE 27.2 23.4 30.6 9.8 10.7 
phenanthrene 0.84 1.1 1.5 0.81 0.77 
anthracene 0.18 0.39 0.48 0.19 0.21 
fluoranthene 1.2 2.3 2.3 1.3 1.4 
pyrene 1.4 2.5 3.0 1.6 1.7 
benz[a]anthracene 0.62 0.89 0.91 0.55 0.48 
chrysene 0.84 2.0 1.8 0.88 1.1 
benzo[b]fluoranthene 0.45 1.1 1.2 0.60 0.68 
benzo[k]fluoranthene 0.57 1.3 1.3 0.59 0.75 
benzo[a]pyrene 0.37 0.92 1.0 0.41 0.55 
indeno[1,2,3-
cd]pyrene 0.41 0.94 1.0 0.44 0.44 
dibenz[a,h]anthracene n.d. 0.14 0.20 0.087 0.095 
benzo[g,h,i]perylene 0.49 1.1 1.1 0.57 0.60 


















(Year) 1959 1958 1957 1956 1955 
(Sample Mass (g)) 1.0176 1.472 1.4772 1.522 1.5236 
(Lamination/Depth) L48 L49 L50 L51 L52 







tPAH 11.1 2.8 3.8 3.7 2.1 
chlorobenzene 0.46 n.d. 0.43 n.d. n.d. 
1,3-DCB 0.13 n.d. 0.15 0.097 n.d. 
1,4-DCB 0.92 0.30 0.86 0.52 0.32 
1,2-DCB 0.17 n.d. 0.22 0.13 0.098 
1,3,5-TCB 0.014 n.d. n.d. 0.011 n.d. 
1,2,4-TCB n.d. n.d. 0.14 0.058 n.d. 
naphthalene 0.36 0.14 0.39 0.19 0.14 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE 0.54 0.14 0.39 0.11 0.069 
PTE 2.2 0.6062 1.4 0.38 0.26 
fluorene n.d. n.d. n.d. n.d. n.d. 
PXE 9.6 2.1 5.4 1.5 0.71 
phenanthrene 0.81 0.29 0.51 0.27 0.23 
anthracene 0.20 0.060 0.11 0.076 0.033 
fluoranthene 1.7 0.45 0.78 0.49 0.40 
pyrene 2.1 0.52 0.99 0.66 0.56 
benz[a]anthracene 0.60 0.30 0.31 0.33 0.24 
chrysene 1.5 0.38 0.39 0.57 0.36 
benzo[b]fluoranthene 0.95 0.14 0.11 0.30 0.034 
benzo[k]fluoranthene 0.97 0.19 0.13 0.35 0.084 
benzo[a]pyrene 0.62 0.12 0.06 0.18 0.057 
indeno[1,2,3-
cd]pyrene 0.53 0.090 n.d. 0.12 n.d. 
dibenz[a,h]anthracene 0.061 n.d. n.d. n.d. n.d. 
benzo[g,h,i]perylene 0.70 0.11 0.047 0.17 n.d. 


















(Year) 1954 1953 1952 1951 1950 
(Sample Mass (g)) 0.988 1.0146 1.001 1.4878 0.75675 
(Lamination/Depth) L53 L54 L55 L56 L57 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
tPAH 4.3 6.2 5.5 6.5 9.6 
chlorobenzene n.d. n.d. n.d. 0.38 0.57 
1,3-DCB n.d. n.d. n.d. 0.095 n.d. 
1,4-DCB 0.48 0.55 0.43 0.73 1.0 
1,2-DCB 0.12 0.15 n.d. 0.12 0.16 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. n.d. 
naphthalene 0.41 0.29 0.20 0.28 0.42 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE 0.22 0.12 0.10 0.082 0.13 
PTE 0.65 0.38 0.28 0.11 0.23 
fluorene n.d. n.d. n.d. n.d. n.d. 
PXE 1.8 1.4 0.93 0.49 0.88 
phenanthrene 0.45 0.49 0.45 0.47 0.81 
anthracene 0.094 0.093 0.091 0.1 0.20 
fluoranthene 0.64 1.0 0.93 0.90 1.5 
pyrene 1.0 1.4 1.3 1.2 1.8 
benz[a]anthracene 0.38 0.14 0.18 0.13 0.33 
chrysene 0.56 0.29 0.35 0.33 0.44 
benzo[b]fluoranthene 0.25 0.61 0.49 0.72 0.94 
benzo[k]fluoranthene 0.28 0.79 0.65 0.82 1.2 
benzo[a]pyrene 0.19 0.43 0.33 0.50 0.79 
indeno[1,2,3-
cd]pyrene n.d. 0.24 0.14 0.37 0.40 
dibenz[a,h]anthracene n.d. n.d. n.d. 0.12 n.d. 
benzo[g,h,i]perylene 0.063 0.39 0.32 0.52 0.74 



















(Year) 1949 1948 1947 1946 1945 
(Sample Mass (g)) 0.9715 1.0419 1.4872 1.4552 1.5035 
(Lamination/Depth) L58 L59 L60 L61 L62 




(µg/g) Conc. (µg/g) Conc. (µg/g) 
tPAH 6.6 6.2 5.1 8.1 5.8 
chlorobenzene 0.54 0.55 0.44 0.51 0.42 
1,3-DCB 0.095 0.095 n.d. n.d. n.d. 
1,4-DCB 0.98 0.93 0.69 0.64 0.61 
1,2-DCB 0.14 0.13 0.12 0.098 0.11 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. n.d. 
naphthalene 0.42 0.46 0.69 0.84 0.61 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. 0.21 n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE n.d. n.d. n.d. 0.076 n.d. 
PTE 0.16 0.17 0.14 0.15 0.18 
fluorene n.d. n.d. n.d. 0.092 0.071 
PXE 0.53 0.51 0.47 0.31 0.48 
phenanthrene 0.59 0.67 0.53 0.69 0.45 
anthracene 0.11 0.16 0.10 0.19 0.11 
fluoranthene 0.94 0.92 0.68 0.90 0.70 
pyrene 1.3 1.5 1.1 1.3 0.90 
benz[a]anthracene 0.17 0.15 0.15 0.14 0.13 
chrysene 0.30 0.28 0.23 0.37 0.23 
benzo[b]fluoranthene 0.66 0.45 0.37 0.75 0.58 
benzo[k]fluoranthene 0.73 0.65 0.48 0.80 0.69 
benzo[a]pyrene 0.59 0.39 0.35 0.70 0.44 
indeno[1,2,3-
cd]pyrene 0.26 0.23 0.12 0.49 0.34 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. 0.094 



















(Year) 1944 1943 1942 1941 1940 
(Sample Mass (g)) 1.4859 1.4905 1.5061 1.5835 1.4994 
(Lamination/Depth) L63 L64 L65 L66 L67 




(µg/g) Conc.  (µg/g) 
Conc. 
(µg/g) 
tPAH 1.5 4.0 3.1 3.8 6.7 
chlorobenzene n.d. 0.41 n.d. 0.26 n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB 0.25 0.46 0.24 0.22 0.29 
1,2-DCB n.d. n.d. n.d. n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. n.d. 
naphthalene 0.29 0.53 0.32 0.29 0.43 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE n.d. 0.072 n.d. n.d. 0.10 
PTE 0.069 0.18 0.18 0.12 0.29 
fluorene n.d. n.d. n.d. n.d. 0.097 
PXE 0.18 0.76 0.49 0.49 1.0 
phenanthrene 0.20 0.45 0.35 0.36 0.71 
anthracene 0.053 0.10 0.063 0.088 0.16 
fluoranthene 0.25 0.61 0.53 0.59 1.1 
pyrene 0.30 0.71 0.56 0.63 1.2 
benz[a]anthracene 0.033 0.11 0.11 0.13 0.20 
chrysene 0.085 0.16 0.16 0.20 0.31 
benzo[b]fluoranthene 0.074 0.30 0.28 0.34 0.58 
benzo[k]fluoranthene 0.10 0.33 0.32 0.48 0.79 
benzo[a]pyrene 0.084 0.26 0.23 0.29 0.51 
indeno[1,2,3-
cd]pyrene 0.023 0.16 0.080 0.14 0.21 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. n.d. 



















(Year) 1939 1938 1937 1936 1935 
(Sample Mass (g)) 1.4823 0.73345 1.4675 1.4978 1.4983 
(Lamination/Depth) L68 L69 L70 L71 L72 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
Conc. 
(µg/g) 
tPAH 3.7 3.3 2.5 4.2 6.3 
chlorobenzene n.d. n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB 0.19 0.17 0.10 0.14 0.14 
1,2-DCB n.d. n.d. n.d. n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. n.d. 
naphthalene 0.32 0.36 0.24 0.44 0.58 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE n.d. n.d. n.d. n.d. 0.073 
PTE 0.19 0.18 0.095 0.18 0.18 
fluorene n.d. n.d. n.d. n.d. 0.13 
PXE 0.70 0.63 0.57 0.68 0.85 
phenanthrene 0.37 0.37 0.20 0.40 0.55 
anthracene 0.071 0.094 0.048 0.14 0.15 
fluoranthene 0.60 0.51 0.34 0.54 0.96 
pyrene 0.71 0.60 0.42 0.77 1.5 
benz[a]anthracene 0.12 0.082 0.084 0.13 0.25 
chrysene 0.23 0.18 0.15 0.25 0.38 
benzo[b]fluoranthene 0.33 0.26 0.27 0.042 0.37 
benzo[k]fluoranthene 0.44 0.38 0.34 0.59 0.57 
benzo[a]pyrene 0.25 0.29 0.19 0.33 0.43 
indeno[1,2,3-
cd]pyrene 0.12 0.057 0.057 0.19 0.14 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. n.d. 
benzo[g,h,i]perylene 0.19 0.12 0.14 0.36 0.30 


















(Year) 1934 1933 1932 1931 1930 
(Sample Mass (g)) 1.4992 1.466 1.5034 1.469 1.4847 
(Lamination/Depth) L73 L74 L75 L76 L77 





tPAH 8.2 4.0 7.5 5.2 14.4 
chlorobenzene n.d. n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB 0.20 0.11 0.14 0.18 0.13 
1,2-DCB n.d. n.d. n.d. n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. n.d. 
naphthalene 0.72 0.39 0.52 0.55 0.68 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene 0.15 n.d. 0.19 n.d. 0.46 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE 0.081 0.079 0.12 n.d. 0.062 
PTE 0.27 0.18 0.24 0.18 0.18 
fluorene 0.083 n.d. 0.071 0.076 0.16 
PXE 1.3 0.61 1.0 0.72 0.86 
phenanthrene 0.80 0.47 0.69 0.59 0.82 
anthracene 0.20 0.15 0.20 0.14 0.34 
fluoranthene 1.4 0.69 1.1 0.98 1.8 
pyrene 1.96 0.90 1.6 1.4 2.9 
benz[a]anthracene 0.30 0.13 0.23 0.19 0.55 
chrysene 0.47 0.20 0.38 0.30 0.90 
benzo[b]fluoranthene 0.55 0.26 0.62 0.25 1.1 
benzo[k]fluoranthene 0.79 0.38 0.82 0.41 1.8 
benzo[a]pyrene 0.48 0.21 0.44 0.16 1.1 
indeno[1,2,3-
cd]pyrene 0.10 0.051 0.25 0.033 0.69 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. 0.15 
benzo[g,h,i]perylene 0.21 0.13 0.38 0.11 1.0 


















(Year) 1929 1928 1927 1926 1925 
(Sample Mass (g)) 1.4991 1.5001 1.489 1.4905 1.4745 
(Lamination/Depth) L78 L79 L80 L81 L82 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
Conc. 
(µg/g) 
tPAH 8.6 4.4 5.5 7.3 8.6 
chlorobenzene n.d. n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB 0.22 0.19 0.13 0.17 0.099 
1,2-DCB n.d. n.d. n.d. n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. n.d. 
naphthalene 0.71 0.56 0.66 0.98 0.90 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene 0.20 n.d. n.d. 0.16 0.23 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE 0.091 n.d. n.d. 0.11 1.3 
PTE 0.16 0.11 0.13 0.23 8.5 
fluorene 0.15 n.d. n.d. 0.12 0.11 
PXE 0.52 0.43 0.54 1.1 4.0 
phenanthrene 0.66 0.48 0.55 0.75 1.0 
anthracene 0.26 0.12 0.19 0.25 0.31 
fluoranthene 0.93 0.72 0.78 1.1 1.2 
pyrene 1.5 0.85 0.96 1.5 1.6 
benz[a]anthracene 0.22 0.17 0.18 0.23 0.19 
chrysene 0.43 0.23 0.27 0.35 0.39 
benzo[b]fluoranthene 0.69 0.26 0.38 0.49 0.64 
benzo[k]fluoranthene 0.94 0.38 0.63 0.63 0.70 
benzo[a]pyrene 0.47 0.16 0.28 0.28 0.29 
indeno[1,2,3-
cd]pyrene 0.64 0.17 0.28 0.21 0.42 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. 0.090 
benzo[g,h,i]perylene 0.81 0.26 0.37 0.25 0.53 


















(Year) 1924 1923 1922 1921 1920 
(Sample Mass (g)) 1.4832 1.5086 1.4932 0.74455 1.5042 
(Lamination/Depth) L83 L84 L85 L86 L87 




(µg/g) Conc. (µg/g) 
tPAH 9.8 10.0 11.9 4.9 6.7 
chlorobenzene n.d. n.d. n.d. n.d. n.d. 
1,3-DCB n.d. n.d. n.d. n.d. n.d. 
1,4-DCB 0.052 n.d. n.d. n.d. n.d. 
1,2-DCB n.d. n.d. n.d. n.d. n.d. 
1,3,5-TCB n.d. n.d. n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. n.d. 
naphthalene 0.87 0.86 0.78 0.75 0.83 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene 0.20 0.21 0.31 n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE 0.093 0.13 0.16 0.13 0.15 
PTE 0.27 0.49 0.52 0.29 0.43 
fluorene 0.077 0.14 0.094 0.16 0.083 
PXE 1.5 2.7 4.4 1.3 2.5 
phenanthrene 0.73 1.0 1.0 0.72 0.96 
anthracene 0.27 0.31 0.32 0.23 0.25 
fluoranthene 1.4 1.6 1.7 0.95 1.3 
pyrene 1.9 2.3 3.0 1.2 1.6 
benz[a]anthracene 0.30 0.34 0.45 0.099 0.17 
chrysene 0.44 0.50 0.59 0.20 0.24 
benzo[b]fluoranthene 0.85 0.71 0.89 0.18 0.31 
benzo[k]fluoranthene 1.0 0.95 0.95 0.19 0.37 
benzo[a]pyrene 0.46 0.40 0.64 0.11 0.20 
indeno[1,2,3-
cd]pyrene 0.57 0.26 0.41 n.d. 0.14 
dibenz[a,h]anthracene 0.11 n.d. 0.085 n.d. n.d. 
benzo[g,h,i]perylene 0.68 0.42 0.62 0.077 0.26 















(Sample Mass (g)) 0.9928 0.996 
(Lamination/Depth) 139-140 cm 178-179 cm 
  Conc. (µg/g) Conc. (µg/g) 
tPAH n.d. n.d. 
chlorobenzene n.d. n.d. 
1,3-DCB n.d. n.d. 
1,4-DCB n.d. n.d. 
1,2-DCB n.d. n.d. 
1,3,5-TCB n.d. n.d. 
1,2,4-TCB n.d. n.d. 
naphthalene n.d. n.d. 
1,2,3-TCB n.d. n.d. 
acenaphthylene n.d. n.d. 
acenaphthene n.d. n.d. 
o-PTE n.d. n.d. 
PTE n.d. n.d. 
fluorene n.d. n.d. 
PXE n.d. n.d. 
phenanthrene n.d. n.d. 
anthracene n.d. n.d. 
fluoranthene n.d. n.d. 
pyrene n.d. n.d. 
benz[a]anthracene n.d. n.d. 
chrysene n.d. n.d. 
benzo[b]fluoranthene n.d. n.d. 
benzo[k]fluoranthene n.d. n.d. 
benzo[a]pyrene n.d. n.d. 
indeno[1,2,3-
cd]pyrene n.d. n.d. 
dibenz[a,h]anthracene n.d. n.d. 
benzo[g,h,i]perylene n.d. n.d. 






























chlorobenzene n.d. n.d. 2.5 x 10-2 n.d. n.d. 
1,3-DCB n.d. 4.6 x 10-2 n.d. n.d. n.d. 
1,4-DCB 5.2 x 10-3 4.2 x 10-1 1.6 x 10-2 8.3 x 10-3 n.d. 
1,2-DCB n.d. 8.0 x 10-3 n.d. n.d. n.d. 
1,3,5-TCB n.d. 1.1 x 10-2 n.d. n.d. n.d. 
1,2,4-TCB n.d. n.d. n.d. n.d. n.d. 
naphthalene 7.7 x 10-3 2.3 x 10-2 2.5 x 10-2 4.8 x 10-2 4.5 x 10-2 
1,2,3-TCB n.d. n.d. n.d. n.d. n.d. 
acenaphthylene n.d. n.d. n.d. n.d. n.d. 
acenaphthene n.d. n.d. n.d. n.d. n.d. 
o-PTE n.d. 9.9 x10-2 2.1 x 10-2 n.d. 1.4 x 10-2 
PTE n.d. 1.9 x 10-1 5.7 x 10-2 4.2 x 10-2 4.9 x 10-2 
fluorene n.d. n.d. n.d. n.d. 4.9 x 10-2 
PXE 1.0 x 10-2 9.1 x 10-1 8.4 x 10-2 7.7 x 10-2 1.2 x 10-1 
phenanthrene 7.2 x 10-3 4.6 x 10-2 5.5 x 10-2 1.0 x 10-2 2.9 x 10-2 
anthracene 1.4 x 10-2 3.2 x 10-2 1.5 x 10-2 8.1 x 10-4 1.4 x 10-2 
fluoranthene 1.7 x 10-3 1.2 x 10-1 5.0 x 10-4 4.9 x 10-2 2.5 x 10-2 
pyrene 2.9 x 10-3 1.2 x 10-1 2.0 x 10-2 6.7 x 10-2 1.4 x 10-2 
benz[a]anthracene n.d. 3.1 x 10-2 6.8 x 10-2 5.3 x 10-3 5.1 x 10-3 
chrysene n.d. 1.1 x 10-1 3.5 x 10-2 3.6 x 10-2 1.2 x 10-3 
benzo[b]fluoranthene 3.1 x 10-2 8.8 x 10-4 5.0 x 10-2 5.6 x 10-2 1.2 x 10-2 
benzo[k]fluoranthene 2.2 x 10-2 1.0 x 10-1 3.9 x 10-3 9.3 x 10-2 2.9 x 10-2 




7.6 x 10-2 1.6 x 10-1 7.4 x 10-3 n.d. 
dibenz[a,h]anthracene n.d. n.d. n.d. n.d. n.d. 
benzo[g,h,i]perylene n.d. 7.7 x 10-2 4.3 x 10-2 2.8 x 10-2 2.2 x 10-2 







Appendix K. PCB Congener Results from Core Sample Analysis 
Date Range: 2016-2003 















(Year) 2016 2011 2009 2006 2005 2004 2003 
(Sample Mass (g)) 1.5009 1.4604 1.4482 1.5785 1.0009 1.4215 0.996 
(Lamination/Depth) -- 0-0.5 cm 2-3 cm L1 L2 L3 L4 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6 0.027 n.d. n.d. n.d. n.d. n.d. n.d. 
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
15 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
16 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
17 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
18 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
19 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
20 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
22 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
24 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
25 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
26 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
28 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
29 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
31 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
32 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
33 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
42 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
44 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
46 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
49 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
51 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
52 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
53 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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59 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
60 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
63 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
64 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
66 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
67 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
74 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
77 0.0016 0.0028 0.0022 0.0016 0.0022 0.0036 0.0035 
82 0.0080 0.0062 0.0077 n.d. n.d. 0.0091 n.d. 
83 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.0048 0.0092 0.0087 0.0042 0.0096 0.0086 0.010 
87 0.0097 0.0053 0.0051 n.d. 0.013 0.0089 n.d. 
90 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
91 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
92 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
95 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
99 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
105 n.d. 0.0018 0.0020 0.0013 0.0019 0.0058 0.0023 
107 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
110 0.0083 0.011 0.0084 0.0059 0.0083 0.014 0.013 
115 0.0008 0.0004 0.0003 n.d. 0.0008 0.0007 n.d. 
118 0.0053 0.0096 0.0073 0.0051 0.0089 0.015 0.0073 
119 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
122 0.016 n.d. n.d. n.d. n.d. n.d. n.d. 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
129 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
130 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
131 0.0083 n.d. n.d. n.d. n.d. n.d. n.d. 
132 n.d. 0.0056 0.0061 0.0040 0.0059 0.0020 0.0070 
134 0.0079 0.0071 0.0086 n.d. n.d. 0.0073 n.d. 
135 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
136 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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137 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
138 n.d. 0.018 0.025 n.d. 0.016 0.036 0.018 
141 n.d. 0.0015 n.d. n.d. n.d. 0.0024 n.d. 
146 n.d. n.d. n.d. n.d. n.d. 0.0070 n.d. 
149 0.011 0.016 0.012 0.0020 0.015 0.025 0.012 
151 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
153 n.d. 0.016 0.017 0.0114 0.017 0.0046 0.020 
156 n.d. 0.0020 0.0026 0.0016 0.0034 0.0035 0.0035 
157 0.00050 n.d. n.d. n.d. n.d. n.d. n.d. 
158 n.d. 0.0011 0.0016 n.d. 0.0010 0.0023 0.0011 
160 n.d. n.d. 0.0001 n.d. n.d. 0.0001 n.d. 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 n.d. n.d. 0.017 0.018 0.011 0.0040 n.d. 
171 n.d. 0.0018 0.0024 0.0015 0.0032 0.0033 0.0033 
172 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
173 0.0014 n.d. n.d. n.d. n.d. n.d. n.d. 
174 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
175 0.0038 0.0079 0.0065 n.d. 0.0073 0.0047 0.0050 
176 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
177 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
178 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
179 n.d. 0.0011 n.d. n.d. n.d. 0.0017 n.d. 
180 n.d. 0.0022 0.0027 n.d. n.d. 0.0044 0.0043 
183 n.d. n.d. n.d. n.d. n.d. 0.0024 n.d. 
185 0.0039 0.0022 n.d. n.d. n.d. 0.0020 n.d. 
187 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
189 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
190 n.d. n.d. 0.0053 0.0055 0.0032 0.0012 n.d. 
191 0.0032 n.d. n.d. n.d. n.d. n.d. n.d. 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 0.0040 n.d. n.d. n.d. n.d. n.d. n.d. 
195 0.0034 n.d. n.d. n.d. n.d. n.d. n.d. 
196 0.0016 0.0003 0.0003 n.d. n.d. 0.0006 0.0005 
197 n.d. n.d. n.d. n.d. n.d. 0.0022 n.d. 
198 0.0024 n.d. n.d. n.d. n.d. n.d. n.d. 
199 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
200 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
201 0.0038 n.d. n.d. n.d. n.d. n.d. n.d. 
202 n.d. 0.0005 0.0006 0.0004 0.0008 0.0008 0.0008 
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203 0.0022 0.0005 0.0004 n.d. n.d. 0.0008 0.0007 
205 0.0044 n.d. n.d. n.d. n.d. n.d. n.d. 
206 0.0027 n.d. n.d. n.d. n.d. n.d. n.d. 
207 0.0012 n.d. n.d. n.d. n.d. 0.0012 0.0019 
208 0.0008 n.d. n.d. n.d. n.d. n.d. n.d. 
209 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
total [PCB]  0.15 0.13 0.15 0.063 0.13 0.18 0.11 
Note: n.d. = not detected/below detection limit 
Date Range: 2002-1996 















(Year) 2002 2001 2000 1999 1998 1997 1996 
(Sample Mass (g)) 1.0375 0.9509 0.9664 0.974 1.4762 1.5183 0.992 
(Lamination/Depth) L5 L6 L7 L8 L9 L10 L11 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6 n.d. n.d. 0.022 n.d. n.d. n.d. n.d. 
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
15 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
16 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
17 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
18 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
19 n.d. n.d. n.d. 0.054 0.021 0.029 n.d. 
20 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
22 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
24 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
25 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
26 n.d. n.d. n.d. n.d. n.d. 0.0094 n.d. 
28 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
29 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
31 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
32 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
33 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 n.d. n.d. 0.0089 0.026 0.0094 0.012 0.0082 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
42 n.d. n.d. 0.027 0.079 0.029 0.037 0.025 
44 n.d. n.d. n.d. 0.046 0.015 0.024 n.d. 
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45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
46 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
49 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
51 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
52 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
53 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
59 n.d. n.d. 0.011 0.032 0.012 0.015 0.0103 
60 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
63 n.d. n.d. 0.027 0.038 0.018 0.025 0.035 
64 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
66 n.d. n.d. n.d. n.d. 0.0058 0.0055 n.d. 
67 n.d. n.d. 0.0291 n.d. 0.050 n.d. n.d. 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 n.d. n.d. n.d. n.d. 0.019 n.d. n.d. 
74 n.d. n.d. n.d. n.d. 0.025 0.026 n.d. 
77 0.0020 0.0039 0.0043 0.0042 0.0034 0.0043 0.0030 
82 n.d. 0.011 n.d. n.d. 0.0087 0.012 0.0085 
83 n.d. n.d. n.d. n.d. 0.0024 n.d. n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.0064 0.014 0.012 0.013 0.0097 0.016 0.014 
87 n.d. 0.011 n.d. 0.0088 0.0091 0.012 0.0081 
90 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
91 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
92 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
95 n.d. n.d. n.d. n.d. 0.020 0.019 n.d. 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
99 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
105 0.0022 0.0035 0.0027 0.0029 0.0024 0.0044 0.0025 
107 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
110 0.0076 0.015 0.016 0.016 0.013 0.016 0.011 
115 n.d. 0.0008 n.d. 0.0007 0.0007 0.0009 0.0005 
118 n.d. 0.010 0.0081 0.0089 0.0085 0.015 0.0074 
119 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
122 n.d. n.d. 0.0104 n.d. n.d. n.d. n.d. 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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129 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
130 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
131 n.d. n.d. 0.0058 n.d. n.d. n.d. n.d. 
132 0.0066 0.0012 0.0085 0.0090 0.0073 0.014 0.0078 
134 0.0098 0.013 n.d. 0.014 0.013 0.014 0.013 
135 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
136 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
137 n.d. n.d. n.d. n.d. 0.0005 n.d. n.d. 
138 n.d. 0.028 0.029 0.023 0.028 0.052 0.025 
141 n.d. n.d. n.d. n.d. 0.0016 0.0026 n.d. 
146 n.d. n.d. 0.0098 0.014 0.0073 0.016 0.015 
149 n.d. 0.017 0.014 0.015 0.014 0.024 0.012 
151 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
153 0.019 0.0027 0.024 0.026 0.021 0.039 0.022 
156 0.0029 0.0058 0.0027 0.0041 0.0036 0.0054 0.0043 
157 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
158 n.d. 0.0018 0.0019 0.0017 0.0018 0.0033 0.0016 
160 n.d. 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 0.0045 0.0057 0.0070 0.0062 n.d. 0.0068 0.0090 
171 0.0027 0.0055 0.0026 0.0038 0.0034 0.0051 0.0040 
172 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
173 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
174 n.d. n.d. 0.0063 n.d. n.d. 0.0046 n.d. 
175 0.0047 0.0083 0.0077 0.0098 0.0067 0.0093 0.0085 
176 n.d. n.d. n.d. n.d. 0.0083 n.d. n.d. 
177 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
178 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
179 n.d. n.d. n.d. n.d. 0.0011 0.0018 n.d. 
180 n.d. 0.0036 0.0034 0.0035 0.0036 0.0050 0.0030 
183 n.d. 0.018 n.d. n.d. 0.0023 0.0025 n.d. 
185 0.0024 n.d. 0.0049 n.d. 0.0020 0.0023 n.d. 
187 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
189 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
190 0.0014 0.0017 0.0021 0.0019 n.d. 0.0021 0.0027 
191 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 n.d. 0.0021 n.d. 0.0022 n.d. 0.0020 0.0021 
195 n.d. 0.0023 n.d. n.d. n.d. 0.0016 n.d. 
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196 n.d. 0.0007 n.d. n.d. 0.0004 0.0005 n.d. 
197 n.d. n.d. n.d. 0.0066 n.d. 0.0027 0.023 
198 n.d. n.d. n.d. n.d. n.d. 0.0015 n.d. 
199 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
200 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
201 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
202 0.0007 0.0013 0.0006 0.0009 0.0008 0.0013 0.0010 
203 n.d. 0.0011 n.d. n.d. 0.0005 0.0007 n.d. 
205 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
206 n.d. 0.0015 0.0021 0.0015 n.d. 0.0020 n.d. 
207 0.0014 n.d. n.d. n.d. 0.0010 n.d. n.d. 
208 n.d. 0.0006 n.d. n.d. n.d. 0.0004 n.d. 
209 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
total [PCB]  0.074 0.19 0.31 0.47 0.41 0.51 0.29 
Note: n.d. = not detected/below detection limit 
Date Range: 1995-1989 















(Year) 1995 1994 1993 1992 1991 1990 1989 
(Sample Mass (g)) 1.019 1.0141 1.5416 1.0075 1.5118 1.0119 1.4665 
(Lamination/Depth) L12 L13 L14 L15 L16 L17 L18 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6 n.d. n.d. 0.014 n.d. n.d. n.d. n.d. 
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
15 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
16 n.d. n.d. 0.0067 n.d. 0.0085 0.015 n.d. 
17 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
18 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
19 n.d. 0.028 0.051 0.12 0.037 0.10 n.d. 
20 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
22 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
24 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
25 n.d. n.d. n.d. n.d. n.d. 0.034 n.d. 
26 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
28 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
29 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
31 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
32 n.d. n.d. 0.0029 n.d. 0.0037 0.0065 n.d. 
33 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
152 
 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 0.0062 n.d. n.d. 0.019 n.d. n.d. n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
42 0.019 n.d. n.d. 0.058 n.d. n.d. n.d. 
44 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
46 n.d. 0.050 0.034 0.050 0.024 0.051 n.d. 
49 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
51 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
52 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
53 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
59 0.0078 n.d. n.d. 0.024 n.d. n.d. n.d. 
60 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
63 0.039 0.032 0.028 0.054 0.014 0.11 0.016 
64 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
66 n.d. 0.0064 n.d. 0.0062 0.0040 n.d. n.d. 
67 n.d. 0.019 n.d. n.d. n.d. n.d. 0.019 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
74 n.d. n.d. n.d. 0.028 n.d. n.d. n.d. 
77 0.0027 0.0030 0.0023 0.0039 0.0034 0.0022 0.0022 
82 0.0097 0.015 0.0098 0.011 0.011 0.013 0.0064 
83 n.d. n.d. n.d. 0.0038 n.d. n.d. n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.016 0.014 0.014 0.022 0.013 0.021 0.0087 
87 0.015 0.0084 0.0052 0.0069 0.0042 n.d. 0.0065 
90 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
91 n.d. n.d. n.d. n.d. n.d. 0.0079 n.d. 
92 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
95 n.d. 0.022 n.d. 0.022 0.014 n.d. n.d. 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
99 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
105 0.0032 0.0029 0.0034 0.0043 0.0022 0.0035 0.0022 
107 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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110 0.010 0.011 0.0089 0.015 0.013 0.0084 0.0082 
115 0.0012 0.0007 0.0004 0.0005 0.0003 n.d. 0.0005 
118 0.012 0.0058 0.010 0.011 0.0091 0.011 0.0070 
119 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
122 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
129 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
130 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
131 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
132 0.0099 0.0088 0.010 0.013 0.0068 0.011 0.0068 
134 0.017 n.d. 0.0065 0.012 n.d. 0.011 n.d. 
135 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
136 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
137 n.d. 0.0010 0.0023 0.0029 0.0017 0.0035 n.d. 
138 0.029 0.0222 0.040 0.041 0.021 0.035 0.017 
141 n.d. n.d. 0.0031 n.d. n.d. n.d. n.d. 
146 0.016 n.d. n.d. 0.017 0.0069 0.012 n.d. 
149 0.019 0.0097 0.0169 0.018 0.015 0.018 0.012 
151 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
153 0.028 0.0252 0.0295 0.0374 0.019 0.031 0.020 
156 0.0054 0.0029 0.0048 0.0069 0.0050 0.0037 0.0020 
157 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
158 0.0018 0.0014 0.0025 0.0026 0.0013 0.0022 0.0011 
160 0.0001 n.d. 0.0001 0.0001 n.d. 0.0001 n.d. 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 0.0057 0.0069 0.0031 0.0074 0.0071 0.0072 0.0068 
171 0.0050 0.0027 0.0046 0.0065 0.0047 0.0035 0.0018 
172 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
173 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
174 n.d. n.d. 0.0038 n.d. n.d. n.d. n.d. 
175 0.012 0.0074 0.0086 0.012 0.0069 0.012 0.0040 
176 n.d. 0.016 0.0360 0.047 0.027 0.055 n.d. 
177 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
178 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
179 n.d. n.d. 0.0022 n.d. n.d. n.d. n.d. 
180 0.0041 0.0027 0.0066 0.0056 0.0034 0.0049 0.0026 
183 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
185 0.0032 n.d. n.d. n.d. n.d. 0.0024 n.d. 
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187 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
189 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
190 0.0017 0.0021 0.0009 0.0022 0.0022 0.0022 0.0021 
191 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 0.0020 n.d. 0.0022 n.d. n.d. n.d. n.d. 
195 n.d. n.d. 0.0013 n.d. n.d. n.d. n.d. 
196 0.0005 n.d. 0.0006 0.0006 n.d. 0.0006 n.d. 
197 0.0044 0.0092 n.d. 0.0082 0.0060 0.0097 0.0051 
198 n.d. 0.0024 n.d. 0.0057 0.0017 0.0083 n.d. 
199 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
200 n.d. n.d. n.d. 0.0043 n.d. n.d. n.d. 
201 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
202 0.0012 0.0007 0.0011 0.0016 0.0012 0.0009 0.0005 
203 0.0008 n.d. 0.0009 0.0009 n.d. 0.0008 n.d. 
205 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
206 n.d. n.d. 0.0011 0.0027 n.d. n.d. n.d. 
207 n.d. n.d. n.d. 0.0036 n.d. 0.0015 n.d. 
208 n.d. n.d. 0.0003 n.d. n.d. n.d. n.d. 
209 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
total [PCB]  0.31 0.34 0.38 0.72 0.30 0.62 0.16 
Note: n.d. = not detected/below detection limit 
Date Range: 1988-1981 















(Year) 1988-1987 1986 1985 1984 1983 1982 1981 
(Sample Mass (g)) 1.4682 1.487 0.9934 1.4927 0.998 1.4853 0.7641 
(Lamination/Depth) L19-20 L21 L22 L23 L24 L25 L26 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6 n.d. n.d. n.d. n.d. n.d. 0.015 n.d. 
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
15 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
16 n.d. 0.0072 n.d. n.d. n.d. n.d. n.d. 
17 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
18 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
19 n.d. 0.077 n.d. n.d. n.d. n.d. n.d. 
20 n.d. n.d. n.d. n.d. n.d. n.d. 0.0001 
22 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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24 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
25 n.d. 0.033 n.d. n.d. n.d. n.d. 0.035 
26 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
28 n.d. 0.0087 n.d. n.d. n.d. n.d. n.d. 
29 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
31 n.d. 0.0070 n.d. n.d. n.d. n.d. n.d. 
32 n.d. 0.0031 n.d. n.d. n.d. n.d. n.d. 
33 n.d. n.d. n.d. n.d. n.d. n.d. 0.0014 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 n.d. 0.0074 n.d. n.d. n.d. 0.0035 n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
42 n.d. 0.023 n.d. n.d. n.d. 0.011 n.d. 
44 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
46 n.d. n.d. n.d. n.d. n.d. n.d. 0.088 
49 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
51 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
52 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
53 n.d. n.d. n.d. n.d. n.d. n.d. 0.0002 
56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
59 n.d. 0.0093 n.d. n.d. n.d. 0.0044 n.d. 
60 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
63 n.d. n.d. n.d. 0.019 0.013 0.013 0.046 
64 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
66 n.d. n.d. n.d. 0.0056 n.d. 0.0044 n.d. 
67 n.d. n.d. n.d. 0.059 n.d. 0.035 0.14 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 n.d. n.d. n.d. 0.017 n.d. n.d. n.d. 
74 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
77 0.0033 0.0039 0.0034 0.0031 0.0022 0.0032 0.0038 
82 n.d. 0.013 n.d. 0.0063 n.d. 0.0068 0.010 
83 0.0043 n.d. n.d. n.d. n.d. n.d. n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.0088 0.014 0.011 0.0084 0.0082 0.012 0.013 
87 0.0054 0.0062 0.0058 0.0071 0.0059 0.0095 n.d. 
90 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
91 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
92 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
156 
 
95 n.d. n.d. n.d. 0.017 n.d. 0.014 n.d. 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
99 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
105 0.0024 0.0035 0.0027 0.0027 n.d. 0.0025 0.0030 
107 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
110 0.012 0.014 0.012 0.011 0.0077 0.012 0.014 
115 0.0004 0.0004 0.0004 0.0005 0.0004 0.0007 n.d. 
118 0.0067 0.013 0.012 0.0089 0.0058 0.0104 0.026 
119 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
122 n.d. n.d. n.d. 0.0087 n.d. n.d. n.d. 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
129 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
130 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
131 n.d. n.d. n.d. 0.0047 n.d. n.d. n.d. 
132 0.0064 0.0093 0.0073 0.0072 n.d. 0.0065 0.0079 
134 0.0057 n.d. 0.0089 n.d. n.d. 0.0067 n.d. 
135 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
136 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
137 n.d. 0.0016 n.d. n.d. n.d. n.d. n.d. 
138 0.022 0.036 0.024 0.021 n.d. 0.024 n.d. 
141 n.d. 0.0013 n.d. 0.0012 n.d. n.d. 0.0025 
146 n.d. 0.0093 0.0078 0.0060 n.d. n.d. n.d. 
149 0.010 0.020 0.017 0.013 0.0087 0.016 0.039 
151 n.d. 0.012 n.d. n.d. n.d. n.d. n.d. 
153 0.018 0.027 0.021 0.020 n.d. 0.019 0.022 
156 0.0056 0.0050 0.0037 0.0037 0.0032 0.0056 0.0067 
157 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
158 0.0010 0.0017 0.0011 0.0010 n.d. 0.0011 n.d. 
160 n.d. 0.0001 n.d. n.d. n.d. n.d. n.d. 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 n.d. 0.0030 0.0086 0.0038 n.d. n.d. n.d. 
171 0.0044 0.0040 0.0029 0.0029 0.0025 0.0044 0.0054 
172 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
173 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
174 n.d. n.d. n.d. 0.0038 n.d. 0.0035 n.d. 
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175 0.0048 0.0061 0.0046 0.0033 n.d. 0.0033 n.d. 
176 n.d. 0.0251 n.d. n.d. n.d. n.d. n.d. 
177 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
178 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
179 n.d. 0.0009 n.d. 0.0008 n.d. n.d. 0.0017 
180 0.0032 0.0048 0.0030 0.0027 n.d. 0.0028 n.d. 
183 n.d. 0.0018 n.d. n.d. 0.0026 n.d. 0.014 
185 0.0014 0.0014 n.d. 0.0018 0.0031 0.0015 n.d. 
187 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
189 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
190 n.d. 0.0007 0.0020 0.0008 n.d. n.d. n.d. 
191 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 n.d. n.d. n.d. n.d. n.d. 0.0012 n.d. 
195 n.d. n.d. n.d. n.d. n.d. 0.0016 n.d. 
196 0.0004 0.0005 0.0004 0.0003 n.d. 0.0004 n.d. 
197 n.d. n.d. 0.0060 0.0024 n.d. n.d. n.d. 
198 n.d. 0.0045 n.d. n.d. n.d. n.d. n.d. 
199 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
200 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
201 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
202 0.0008 0.0007 0.0005 0.0005 0.0005 0.0008 0.0010 
203 0.0005 0.0007 0.0006 0.0005 n.d. 0.0006 n.d. 
205 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
206 n.d. 0.0008 n.d. n.d. n.d. 0.0012 n.d. 
207 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
208 n.d. n.d. n.d. n.d. n.d. 0.0004 n.d. 
209 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
total [PCB]  0.13 0.42 0.17 0.28 0.06 0.26 0.48 










Date Range: 1980-1974 















(Year) 1980 1979 1978 1977 1976 1975 1974 
(Sample Mass (g)) 1.484 1.4761 1.4812 1.5109 1.0141 1.4941 1.0282 
(Lamination/Depth) L27 L28 L29 L30 L31 L32 L33 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
15 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
16 n.d. n.d. n.d. n.d. 0.015 0.011 n.d. 
17 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
18 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
19 0.045 n.d. 0.043 0.076 0.11 0.090 0.060 
20 n.d. 0.0002 0.0001 n.d. n.d. n.d. 0.0001 
22 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
24 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
25 0.026 n.d. n.d. 0.020 0.074 0.069 0.029 
26 n.d. n.d. 0.015 n.d. n.d. n.d. n.d. 
28 n.d. 0.0023 n.d. n.d. 0.016 0.017 0.014 
29 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
31 n.d. 0.0023 n.d. n.d. 0.013 0.014 0.011 
32 n.d. n.d. n.d. n.d. 0.0065 0.0046 n.d. 
33 n.d. 0.0027 0.0014 n.d. n.d. n.d. 0.0011 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 n.d. n.d. 0.019 0.018 n.d. 0.0055 0.021 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 n.d. 0.0069 n.d. n.d. n.d. 0.020 n.d. 
42 n.d. n.d. 0.058 0.054 n.d. 0.017 0.064 
44 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
46 0.034 n.d. n.d. 0.027 0.068 0.052 n.d. 
49 0.064 n.d. n.d. n.d. n.d. 0.058 n.d. 
51 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
52 n.d. 0.012 n.d. n.d. n.d. n.d. n.d. 
53 n.d. 0.0004 0.0002 n.d. n.d. n.d. 0.0002 
56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
59 n.d. n.d. 0.024 0.022 n.d. 0.0069 0.026 
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60 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
63 0.014 n.d. n.d. n.d. 0.030 0.023 0.015 
64 n.d. n.d. n.d. n.d. n.d. 0.0095 n.d. 
66 n.d. n.d. 0.0044 0.0040 0.012 0.0059 0.0099 
67 0.029 0.067 0.095 0.064 n.d. 0.027 0.095 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 n.d. 0.0042 n.d. n.d. n.d. n.d. n.d. 
74 n.d. n.d. 0.016 n.d. n.d. 0.015 0.025 
77 0.0027 0.0031 0.0048 0.0049 0.0032 0.0032 0.0067 
82 0.010 n.d. 0.0047 0.015 0.017 0.015 0.0089 
83 n.d. n.d. n.d. n.d. 0.0065 0.0061 n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.010 0.0096 0.015 0.014 0.031 0.030 0.032 
87 0.0054 0.0081 0.0099 0.011 0.0073 0.0077 0.013 
90 n.d. 0.0007 n.d. n.d. n.d. n.d. n.d. 
91 n.d. n.d. n.d. n.d. 0.0086 0.0099 n.d. 
92 n.d. 0.0055 n.d. n.d. n.d. n.d. n.d. 
95 n.d. 0.013 0.014 0.013 0.036 0.018 0.031 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 n.d. 0.0078 n.d. n.d. n.d. n.d. 0.028 
99 n.d. 0.0020 n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. 0.0064 n.d. n.d. n.d. n.d. n.d. 
105 0.0025 0.0030 0.0042 0.0040 0.0043 0.0029 0.0050 
107 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
110 0.0096 0.011 0.017 0.017 0.011 0.011 0.024 
115 0.0004 0.0006 0.0007 0.0008 0.0005 0.0006 0.0009 
118 0.020 0.019 0.030 0.030 0.022 0.017 0.036 
119 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
122 0.0070 0.0050 n.d. n.d. n.d. n.d. n.d. 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 n.d. 0.0019 n.d. n.d. n.d. n.d. 0.0096 
129 n.d. 0.0013 n.d. n.d. n.d. n.d. n.d. 
130 n.d. 0.0031 n.d. n.d. n.d. n.d. n.d. 
131 0.0037 0.0027 n.d. n.d. n.d. n.d. n.d. 
132 0.0067 0.0079 0.011 0.011 0.011 0.0077 0.013 
134 0.0067 0.0057 0.012 0.011 0.0095 0.0066 0.019 
135 n.d. 0.0011 n.d. n.d. n.d. n.d. n.d. 
136 n.d. 0.0022 n.d. n.d. n.d. 0.027 n.d. 
137 0.0010 0.0002 n.d. 0.0013 0.0019 0.0015 n.d. 
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138 0.026 0.032 0.051 0.045 0.043 0.033 0.097 
141 0.0013 0.0014 0.0019 0.0023 0.0026 0.0026 0.0030 
146 n.d. 0.0051 0.015 n.d. 0.0077 0.011 0.015 
149 0.030 0.029 0.044 0.045 0.033 0.025 0.053 
151 n.d. 0.0034 n.d. 0.014 n.d. 0.014 n.d. 
153 0.019 0.022 0.032 0.031 0.032 0.022 0.038 
156 0.0038 0.0034 0.0070 0.0061 0.010 0.0022 0.012 
157 n.d. 0.0002 n.d. n.d. n.d. n.d. n.d. 
158 0.0012 0.0015 0.0024 0.0021 0.0020 0.0016 0.0045 
160 n.d. n.d. 0.0001 0.0001 0.0001 0.0001 0.0001 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 n.d. 0.0037 0.0045 0.0043 n.d. 0.0035 0.0086 
171 0.0030 0.0027 0.0055 0.0049 0.0080 0.0018 0.0093 
172 n.d. 0.0013 n.d. n.d. n.d. n.d. n.d. 
173 n.d. 0.0004 n.d. n.d. n.d. n.d. n.d. 
174 n.d. 0.0033 0.0041 0.0033 n.d. n.d. 0.0094 
175 0.0045 0.0042 0.0080 0.0050 0.0085 0.0066 0.0083 
176 0.016 0.0030 n.d. 0.020 0.031 0.023 n.d. 
177 n.d. 0.0017 n.d. n.d. n.d. n.d. 0.0062 
178 n.d. 0.0019 n.d. n.d. n.d. n.d. n.d. 
179 0.0009 0.0010 0.0013 0.0016 0.0018 0.0018 0.0021 
180 0.0037 0.0035 0.0066 0.0056 0.0070 0.0063 0.015 
183 n.d. 0.0013 0.0023 0.0022 0.0031 0.0020 0.0075 
185 n.d. 0.0011 0.0018 0.0015 n.d. 0.0016 0.0059 
187 n.d. 0.0006 n.d. n.d. n.d. n.d. n.d. 
189 n.d. 0.0007 n.d. n.d. n.d. n.d. n.d. 
190 n.d. 0.0009 0.0011 0.0010 n.d. 0.0008 0.0021 
191 n.d. 0.0002 n.d. n.d. n.d. 0.0027 n.d. 
193 n.d. 0.0010 n.d. n.d. n.d. n.d. n.d. 
194 n.d. 0.0010 0.0017 0.0011 n.d. 0.0011 0.0034 
195 n.d. 0.0004 0.0013 n.d. n.d. n.d. n.d. 
196 0.0003 0.0004 0.0008 0.0005 0.0008 0.0007 0.0017 
197 n.d. 0.0003 n.d. n.d. n.d. n.d. 0.0026 
198 0.0023 0.0001 n.d. n.d. 0.0051 0.0043 n.d. 
199 n.d. 0.0010 0.0015 n.d. n.d. n.d. 0.0048 
200 n.d. 0.0017 n.d. n.d. n.d. n.d. n.d. 
201 n.d. 0.0011 n.d. n.d. n.d. n.d. n.d. 
202 0.0005 0.0005 0.0010 0.0009 0.0014 0.0003 0.0017 
203 0.0004 0.0006 0.0011 0.0007 0.0011 0.0010 0.0024 
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205 n.d. 0.0006 n.d. n.d. n.d. 0.0019 0.0023 
206 n.d. 0.0010 0.0012 0.0013 0.0013 n.d. 0.0023 
207 0.0010 0.0005 n.d. n.d. n.d. 0.0016 n.d. 
208 n.d. 0.0001 0.0003 n.d. n.d. n.d. n.d. 
209 n.d. 0.0002 n.d. n.d. n.d. n.d. n.d. 
total [PCB]  0.41 0.36 0.60 0.62 0.71 0.78 0.92 
Note: n.d. = not detected/below detection limit 
Date Range: 1973-1967 















(Year) 1973 1972 1971 1970 1969 1968 1967 
(Sample Mass (g)) 1.0294 0.9873 1.519 1.5041 1.5318 1.5153 1.0174 
(Lamination/Depth) L34 L35 L36 L37 L38 L39 L40 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. n.d. n.d. n.d. n.d. 0.0003 0.0003 
6 n.d. n.d. 0.015 n.d. n.d. 0.015 0.027 
8 n.d. n.d. n.d. n.d. n.d. 0.039 0.036 
15 n.d. n.d. n.d. n.d. n.d. 0.026 0.022 
16 n.d. n.d. 0.0070 0.0062 0.016 0.046 0.036 
17 n.d. n.d. n.d. n.d. n.d. 0.050 0.043 
18 n.d. n.d. n.d. n.d. n.d. 0.11 0.093 
19 0.031 0.040 n.d. 0.033 n.d. 0.040 0.038 
20 n.d. n.d. 0.0002 0.0001 0.0008 0.0057 0.0037 
22 n.d. n.d. 0.012 0.021 0.021 0.074 0.062 
24 n.d. n.d. n.d. n.d. n.d. 0.010 n.d. 
25 0.033 0.020 0.033 0.024 0.053 0.14 0.080 
26 n.d. n.d. 0.011 0.011 0.018 0.064 0.043 
28 0.017 0.017 0.026 0.036 0.044 0.15 0.12 
29 n.d. n.d. n.d. n.d. n.d. 0.0020 n.d. 
31 0.014 0.014 0.021 0.025 0.035 0.12 0.096 
32 n.d. n.d. 0.0031 0.0027 0.0068 0.020 0.016 
33 n.d. n.d. 0.0033 0.0019 0.013 0.094 0.060 
34 n.d. n.d. n.d. n.d. n.d. 0.0020 n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 0.0071 0.0079 0.0038 0.010 0.0038 0.019 0.018 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 0.028 n.d. 0.035 0.039 0.054 0.17 0.14 
42 0.022 0.024 0.012 0.031 0.012 0.058 0.054 
44 0.024 0.022 0.032 0.031 0.062 0.16 0.15 
45 n.d. n.d. n.d. n.d. n.d. 0.069 n.d. 
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46 n.d. 0.040 n.d. 0.040 n.d. 0.026 0.046 
49 n.d. n.d. n.d. n.d. 0.075 0.26 0.18 
51 n.d. n.d. 0.0008 0.0014 0.0014 0.0050 0.0042 
52 n.d. n.d. n.d. n.d. n.d. 0.28 0.23 
53 n.d. n.d. 0.0004 0.0002 0.0017 0.013 0.0081 
56 n.d. n.d. 0.0058 0.0062 0.016 0.056 0.048 
59 0.0089 0.0099 0.0048 0.013 0.0048 0.024 0.022 
60 n.d. n.d. 0.0049 0.0052 0.014 0.047 0.040 
63 n.d. n.d. 0.013 0.0083 0.0092 n.d. 0.022 
64 0.013 n.d. 0.016 0.018 0.025 0.081 0.066 
66 0.017 0.016 0.023 0.027 0.039 0.11 0.090 
67 0.10 n.d. n.d. 0.054 0.054 0.17 0.094 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 n.d. n.d. 0.024 0.025 0.040 0.12 0.11 
74 0.0311 n.d. 0.044 0.044 0.074 0.19 0.14 
77 0.016 0.012 0.017 0.021 0.033 0.073 0.065 
82 0.013 0.013 0.025 0.021 0.035 0.069 0.063 
83 n.d. n.d. 0.0044 n.d. 0.0053 0.0096 0.012 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.039 0.036 0.042 0.046 0.063 0.146 0.13 
87 0.017 0.016 0.021 0.025 0.040 0.11 0.085 
90 n.d. n.d. 0.0043 0.012 0.011 0.053 0.021 
91 n.d. 0.0076 0.0075 0.0073 0.0073 0.018 0.013 
92 n.d. n.d. 0.027 0.029 0.077 0.26 0.23 
95 0.052 0.049 0.070 0.083 0.12 0.33 0.28 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 n.d. n.d. 0.035 0.030 0.043 0.087 0.079 
99 n.d. n.d. n.d. n.d. 0.18 0.67 0.34 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. 0.039 0.10 0.098 0.29 0.19 
105 0.0086 0.0073 0.0095 0.011 0.013 0.050 0.044 
107 n.d. n.d. n.d. n.d. 0.0040 0.013 0.011 
110 0.056 0.043 0.061 0.074 0.12 0.26 0.23 
115 0.0013 0.0011 0.0015 0.0018 0.0029 0.0079 0.0062 
118 0.054 0.034 0.049 0.051 0.087 0.19 0.18 
119 n.d. n.d. 0.0049 n.d. 0.0057 0.028 0.014 
122 n.d. n.d. n.d. n.d. n.d. 0.0076 n.d. 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 0.011 0.0090 0.011 0.014 0.022 0.045 0.042 
129 0.0029 0.0038 0.0030 0.0039 0.0050 0.010 0.011 
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130 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
131 n.d. n.d. n.d. n.d. n.d. 0.0041 n.d. 
132 0.023 0.019 0.025 0.030 0.052 0.13 0.12 
134 0.023 0.021 0.034 0.037 0.055 0.13 0.099 
135 n.d. n.d. n.d. n.d. n.d. 0.024 0.023 
136 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
137 n.d. n.d. n.d. n.d. 0.0004 0.0009 0.0011 
138 0.13 0.143 0.14 0.16 0.25 0.49 0.47 
141 0.0052 0.0061 0.0059 0.0068 0.012 0.025 0.022 
146 n.d. n.d. n.d. 0.0064 0.055 0.016 0.018 
149 0.080 0.051 0.073 0.077 0.13 0.28 0.26 
151 n.d. n.d. 0.024 0.020 0.033 0.065 0.059 
153 0.065 0.055 0.072 0.084 0.15 0.38 0.33 
156 0.019 0.016 0.018 0.021 0.034 0.064 0.064 
157 n.d. 0.0004 0.0004 0.0004 0.0008 0.0018 0.0022 
158 0.0060 0.0066 0.0064 0.0075 0.012 0.023 0.022 
160 0.0002 0.0002 0.0002 0.0002 0.0004 0.0007 0.0007 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 0.0095 0.012 0.0086 0.012 0.022 0.029 0.026 
171 0.015 0.013 0.014 0.017 0.027 0.051 0.051 
172 n.d. n.d. n.d. 0.0048 0.0076 0.0081 0.0065 
173 n.d. 0.0010 0.0010 0.0009 0.0022 0.0047 0.0057 
174 0.012 0.016 0.012 0.015 0.022 0.033 0.033 
175 0.0094 0.0046 0.011 0.013 0.013 0.020 0.019 
176 n.d. n.d. n.d. n.d. 0.0066 0.015 0.017 
177 0.0089 0.011 0.0079 0.0092 0.012 0.018 0.020 
178 0.0042 0.0056 0.0044 0.0057 0.0073 0.015 0.016 
179 0.0036 0.0042 0.0042 0.0048 0.0082 0.018 0.015 
180 0.022 0.030 0.021 0.026 0.040 0.058 0.061 
183 0.0075 0.0098 0.0072 0.011 0.0099 0.017 0.019 
185 0.0046 0.0068 0.0076 0.0085 0.0064 0.014 0.014 
187 0.010 n.d. 0.011 0.016 0.022 0.028 0.028 
189 n.d. n.d. n.d. n.d. 0.0014 n.d. n.d. 
190 0.0023 0.0029 0.0021 0.0029 0.0054 0.0069 0.0061 
191 n.d. n.d. n.d. 0.0016 0.0026 0.0038 0.0018 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 0.0046 0.0071 0.0047 0.0058 0.0084 0.011 0.012 
195 0.0025 0.0032 0.0019 0.0027 0.0042 0.0067 0.0070 
196 0.0023 0.0032 0.0023 0.0030 0.0045 0.0061 0.0061 
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197 n.d. n.d. n.d. 0.0015 0.0020 0.0014 n.d. 
198 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
199 0.0048 0.0069 0.0058 0.0074 0.0088 0.013 0.013 
200 n.d. 0.0043 0.0026 n.d. 0.0039 0.0067 0.0062 
201 n.d. 0.0027 0.0029 0.0025 0.0060 0.013 0.016 
202 0.0027 0.0025 0.0025 0.0030 0.0048 0.0092 0.0091 
203 0.0033 0.0046 0.0033 0.0044 0.0065 0.0087 0.0088 
205 0.0024 n.d. 0.0017 0.0017 0.0025 0.0041 0.0052 
206 0.0026 0.0025 0.0021 0.0023 0.0034 0.0062 0.0083 
207 n.d. n.d. n.d. n.d. 0.0007 0.0009 0.0011 
208 0.0006 0.0008 0.0005 0.0007 0.0011 0.0017 0.0017 
209 0.0007 n.d. 0.0009 0.0034 0.0055 0.0047 0.0012 
total [PCB]  1.0 0.92 1.3 1.7 2.7 7.7 6.2 
Note: n.d. = not detected/below detection limit 
Date Range: 1966-1960 















(Year) 1966 1965 1964 1963 1962 1961 1960 
(Sample Mass (g)) 0.7502 1.0025 1.0079 0.9809 0.9972 1.0256 0.996 
(Lamination/Depth) L41 L42 L43 L44 L45 L46 L47 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 0.0002 0.0001 0.0001 n.d. n.d. n.d. n.d. 
6 0.027 0.036 0.024 n.d. 0.032 0.058 0.10 
8 0.020 0.011 0.015 n.d. n.d. n.d. n.d. 
15 0.028 0.0074 0.0233 0.053 0.026 n.d. 0.028 
16 0.029 0.0094 0.041 0.021 0.060 n.d. n.d. 
17 0.054 0.014 0.045 0.10 0.050 n.d. 0.053 
18 0.11 0.031 0.097 0.22 0.11 n.d. 0.12 
19 0.14 0.021 0.23 0.20 0.32 0.037 0.030 
20 0.0006 0.0001 n.d. 0.0002 0.0037 n.d. n.d. 
22 0.032 0.013 0.0088 0.014 0.020 n.d. n.d. 
24 0.0085 0.0036 0.0013 n.d. n.d. n.d. n.d. 
25 0.066 0.031 0.035 0.043 0.047 0.021 0.047 
26 0.022 0.023 0.054 0.043 0.15 0.024 0.030 
28 0.078 0.035 0.045 0.051 0.099 0.015 0.029 
29 0.0027 0.0060 0.0043 n.d. n.d. n.d. n.d. 
31 0.063 0.028 0.037 0.041 0.079 0.013 0.024 
32 0.013 0.0041 0.018 0.0093 0.026 n.d. n.d. 
33 0.0098 0.0020 0.0001 0.0031 0.061 n.d. n.d. 
34 0.0022 0.0023 0.0028 0.0073 n.d. n.d. n.d. 
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35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 0.028 0.0080 0.0092 0.047 0.032 0.010 n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 0.090 0.043 0.037 0.11 0.11 0.029 0.044 
42 0.086 0.025 0.028 0.14 0.10 0.031 n.d. 
44 0.068 0.036 0.023 0.053 0.11 0.036 0.058 
45 0.054 0.048 0.050 n.d. 0.083 n.d. n.d. 
46 0.045 0.020 0.10 n.d. 0.075 n.d. n.d. 
49 0.13 0.014 0.062 n.d. 0.13 n.d. n.d. 
51 0.0022 0.0009 0.0006 0.0009 0.0013 n.d. n.d. 
52 0.14 0.052 0.12 n.d. 0.26 n.d. n.d. 
53 0.0013 0.0003 n.d. 0.0004 0.0082 n.d. n.d. 
56 0.027 0.0088 0.0092 0.022 0.036 0.0066 0.010 
59 0.035 0.010 0.012 0.059 0.041 0.013 n.d. 
60 0.022 0.0073 0.0077 0.019 0.030 0.0055 0.0084 
63 0.031 0.016 0.023 n.d. 0.016 0.018 0.017 
64 0.043 0.020 0.0172 0.051 0.051 0.014 0.021 
66 0.056 0.028 0.017 0.052 0.085 0.022 0.029 
67 n.d. 0.054 n.d. n.d. 0.091 0.062 0.056 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 0.061 0.029 0.040 0.070 0.095 n.d. 0.041 
74 0.10 0.053 0.068 0.11 0.13 0.040 0.072 
77 0.038 0.018 0.012 0.048 0.045 0.018 0.025 
82 0.066 0.030 0.036 0.043 0.066 0.0078 0.029 
83 0.0069 0.010 0.0079 0.010 0.017 0.0076 0.013 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.10 0.066 0.12 0.16 0.16 0.055 0.11 
87 0.045 0.021 0.044 0.060 0.094 0.018 0.045 
90 0.017 0.0051 0.013 0.0092 0.0087 n.d. 0.0060 
91 0.011 0.0044 0.013 0.0075 0.019 n.d. n.d. 
92 0.13 0.041 0.043 0.10 0.17 0.031 0.047 
95 0.17 0.085 0.053 0.16 0.26 0.068 0.090 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 0.11 0.027 0.023 0.057 0.058 n.d. n.d. 
99 0.17 0.18 0.16 0.21 n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 0.099 0.021 0.053 0.082 0.078 n.d. 0.054 
105 0.026 0.016 0.015 0.031 0.038 0.012 0.024 
107 0.0018 0.0030 0.0026 0.0080 n.d. n.d. n.d. 
110 0.13 0.065 0.044 0.17 0.16 0.062 0.090 
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115 0.0032 0.0015 0.0032 0.0043 0.0068 0.0013 0.0033 
118 0.094 0.051 0.035 0.12 0.12 0.036 0.072 
119 0.0083 0.0024 0.0073 n.d. 0.0083 n.d. n.d. 
122 n.d. n.d. n.d. 0.016 0.016 0.014 0.032 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 0.028 0.015 0.013 0.022 0.027 0.010 0.021 
129 0.0092 0.0022 n.d. 0.0020 0.0023 n.d. 0.0027 
130 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
131 n.d. n.d. n.d. 0.0087 0.0084 0.0074 0.017 
132 0.068 0.042 0.040 0.081 0.10 0.031 0.062 
134 0.083 0.077 0.080 0.15 0.13 0.072 0.17 
135 0.0090 0.012 0.0074 0.024 0.028 n.d. 0.021 
136 0.048 0.0032 0.0050 n.d. n.d. n.d. n.d. 
137 0.0018 n.d. 0.0046 0.0018 0.0053 0.0008 n.d. 
138 0.34 0.18 0.14 0.26 0.24 0.12 0.38 
141 0.016 0.0041 0.0029 0.0070 0.0082 0.0022 0.0057 
146 0.016 0.12 0.072 0.23 0.11 0.025 0.033 
149 0.14 0.077 0.053 0.19 0.18 0.054 0.11 
151 0.062 0.028 0.034 0.041 0.062 0.020 0.027 
153 0.19 0.12 0.12 0.23 0.29 0.089 0.18 
156 0.048 0.021 0.010 0.036 0.034 0.0089 0.029 
157 0.0012 0.0006 0.0004 0.0011 n.d. n.d. 0.0008 
158 0.016 0.0082 0.0064 0.012 0.011 0.0057 0.094 
160 0.0005 0.0003 0.0002 0.0004 0.0004 0.0002 0.0030 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 0.030 0.011 0.0081 0.014 0.0046 0.0051 0.012 
171 0.038 0.016 0.0082 0.029 0.027 0.0071 0.023 
172 0.010 n.d. n.d. n.d. 0.0088 0.0064 0.0064 
173 0.0030 0.0016 0.0010 0.0029 n.d. n.d. 0.0022 
174 0.033 0.013 0.0063 0.014 0.013 n.d. 0.013 
175 0.060 0.012 0.020 0.022 0.022 0.0099 0.022 
176 0.029 n.d. 0.072 0.028 0.08 0.013 n.d. 
177 0.018 0.0070 0.0055 0.011 0.0092 n.d. 0.0087 
178 0.014 0.0033 n.d. 0.0029 0.0034 n.d. 0.0039 
179 0.011 0.0029 0.0021 0.0049 0.0057 0.0016 0.0040 
180 0.058 0.024 0.014 0.026 0.023 0.0092 0.023 
183 0.015 0.0055 0.0025 0.0083 0.0079 0.0032 0.0061 
185 0.0084 0.0035 0.0024 0.0056 0.0053 0.0038 0.0064 
187 0.036 n.d. n.d. 0.0080 n.d. n.d. n.d. 
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189 0.0086 0.0019 n.d. n.d. 0.0026 0.0032 n.d. 
190 0.0072 0.0025 0.0019 0.0032 0.0009 0.0012 0.0028 
191 0.0058 0.0024 n.d. 0.0051 0.0030 n.d. 0.0018 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 0.011 0.0053 0.0022 0.0056 0.0043 0.0043 0.0059 
195 0.0060 0.0047 0.0058 0.0062 0.0041 0.0031 0.0061 
196 0.0058 0.0024 0.0014 0.0029 0.0026 0.0012 0.0034 
197 0.0016 n.d. n.d. 0.0018 n.d. 0.0009 n.d. 
198 n.d. n.d. 0.012 n.d. 0.012 n.d. n.d. 
199 0.0098 0.0052 0.0021 0.0069 0.0042 0.0030 0.0076 
200 0.0082 n.d. n.d. 0.0080 0.0053 n.d. 0.0037 
201 0.0082 0.0044 0.0026 0.0080 n.d. n.d. 0.0060 
202 0.0068 0.0029 0.0015 0.0052 0.0049 0.0013 0.0041 
203 0.0083 0.0035 0.0020 0.0042 0.0037 0.0017 0.0049 
205 0.0035 0.0034 0.0072 0.011 0.0049 0.0037 0.0056 
206 0.0055 0.0019 0.0030 0.0058 0.0042 0.0018 0.0058 
207 0.0019 0.0050 0.0015 0.0014 0.0017 0.0020 0.0014 
208 0.0015 0.0012 0.0014 0.0016 0.0010 0.0008 0.0015 
209 0.0088 0.0053 0.0023 0.0014 0.0095 0.0026 0.0023 
total [PCB]  4.5 2.2 2.8 4.4 5.4 1.3 2.8 
Note: n.d. = not detected/below detection limit 
Date Range: 1959-1953 















(Year) 1959 1958 1957 1956 1955 1954 1953 
(Sample Mass (g)) 1.0176 1.472 1.4772 1.522 1.5236 0.988 1.0146 
(Lamination/Depth) L48 L49 L50 L51 L52 L53 L54 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6 0.067 0.017 0.051 0.033 0.019 0.032 0.033 
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
15 n.d. 0.012 n.d. 0.0093 0.0094 n.d. n.d. 
16 n.d. n.d. 0.0069 n.d. n.d. 0.053 n.d. 
17 n.d. 0.023 n.d. 0.018 0.018 n.d. n.d. 
18 n.d. 0.049 n.d. 0.039 0.039 n.d. n.d. 
19 n.d. 0.022 n.d. 0.026 n.d. 0.032 n.d. 
20 n.d. 0.0001 n.d. n.d. n.d. n.d. n.d. 
22 n.d. n.d. 0.0098 0.0077 0.0082 n.d. n.d. 
24 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
25 0.049 0.014 0.030 0.024 n.d. 0.028 n.d. 
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26 0.031 n.d. 0.020 n.d. n.d. n.d. n.d. 
28 0.030 0.012 0.029 0.022 0.012 0.018 n.d. 
29 0.015 n.d. n.d. n.d. n.d. n.d. n.d. 
31 0.024 0.0093 0.024 0.017 0.0094 0.015 n.d. 
32 n.d. n.d. 0.0030 n.d. n.d. 0.023 n.d. 
33 n.d. 0.0015 n.d. n.d. n.d. n.d. n.d. 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 n.d. n.d. 0.0057 0.0068 n.d. n.d. n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 0.040 n.d. 0.060 0.050 n.d. n.d. n.d. 
42 n.d. n.d. 0.018 0.021 n.d. n.d. n.d. 
44 0.055 0.016 0.083 0.047 0.015 0.023 n.d. 
45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
46 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
49 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
51 n.d. n.d. 0.0007 0.0005 0.0006 n.d. n.d. 
52 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
53 n.d. 0.0002 n.d. n.d. n.d. n.d. n.d. 
56 0.0099 n.d. 0.028 0.024 n.d. n.d. n.d. 
59 n.d. n.d. 0.0072 0.0086 n.d. n.d. n.d. 
60 0.0083 n.d. 0.023 0.020 n.d. n.d. n.d. 
63 0.016 n.d. 0.015 n.d. 0.011 n.d. n.d. 
64 0.019 n.d. 0.028 0.024 n.d. n.d. n.d. 
66 0.027 0.011 0.044 0.039 0.013 0.014 n.d. 
67 0.034 n.d. 0.042 0.058 0.034 0.044 n.d. 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 0.036 0.027 0.061 0.053 n.d. n.d. n.d. 
74 0.069 n.d. 0.069 0.066 0.019 0.032 n.d. 
77 0.022 0.0083 0.041 0.036 0.013 0.012 0.0041 
82 0.027 0.0094 0.032 0.028 0.016 0.017 0.015 
83 0.012 n.d. 0.015 0.011 0.0089 0.017 n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.10 0.034 0.15 0.12 0.046 0.094 0.017 
87 0.052 0.020 0.055 0.046 0.015 0.022 n.d. 
90 0.0068 0.0039 0.0078 0.0091 n.d. n.d. n.d. 
91 0.0063 n.d. 0.0072 0.0054 n.d. 0.0060 n.d. 
92 0.047 n.d. 0.13 0.11 n.d. n.d. n.d. 
95 0.083 0.033 0.14 0.12 0.040 0.042 n.d. 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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97 0.039 n.d. 0.048 0.036 n.d. n.d. n.d. 
99 n.d. n.d. 0.18 0.16 n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 0.061 0.035 0.070 0.081 n.d. n.d. n.d. 
105 0.020 0.0074 0.032 0.027 0.0073 0.013 0.0060 
107 n.d. n.d. 0.0044 0.0056 n.d. n.d. n.d. 
110 0.078 0.029 0.14 0.13 0.045 0.043 0.013 
115 0.0037 0.0014 0.0040 0.0033 0.0011 0.0016 n.d. 
118 0.059 0.021 0.10 0.088 0.031 0.050 0.011 
119 n.d. n.d. 0.0067 n.d. n.d. 0.0076 n.d. 
122 0.042 0.025 0.035 0.032 0.011 0.035 n.d. 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 0.017 0.0062 0.025 0.018 0.0063 0.017 n.d. 
129 n.d. n.d. 0.0043 0.0030 0.0014 0.0026 n.d. 
130 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
131 0.023 0.014 0.019 0.017 0.0060 0.019 n.d. 
132 0.052 0.020 0.085 0.072 0.020 0.035 0.012 
134 0.17 0.040 0.11 0.11 0.057 0.12 0.025 
135 n.d. n.d. 0.018 n.d. n.d. n.d. n.d. 
136 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
137 n.d. 0.0005 0.0009 n.d. n.d. n.d. n.d. 
138 0.17 0.088 0.26 0.19 0.064 0.16 0.015 
141 0.0040 0.0021 0.0099 0.0064 0.0022 0.0060 n.d. 
146 0.029 0.0062 0.37 0.017 0.0086 0.0091 n.d. 
149 0.088 0.031 0.15 0.13 0.046 0.075 0.013 
151 0.025 n.d. 0.030 0.026 0.015 n.d. n.d. 
153 0.15 0.056 0.240 0.21 0.055 0.10 0.034 
156 0.022 0.010 0.035 0.027 0.0074 0.023 0.0054 
157 n.d. 0.0004 0.0011 0.0006 n.d. 0.0004 0.0005 
158 0.0079 0.0041 0.012 0.0088 0.0030 0.0074 0.0011 
160 0.0003 0.0001 0.0004 0.0003 0.0001 0.0002 n.d. 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 0.0099 0.0061 0.012 0.0096 0.0042 0.0083 n.d. 
171 0.017 0.0081 0.028 0.021 0.0059 0.018 0.0051 
172 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
173 n.d. 0.0011 0.0027 0.0016 n.d. 0.0010 0.0013 
174 0.011 0.0050 0.018 0.011 0.0057 0.010 0.0079 
175 0.023 0.0057 0.0086 0.015 0.0076 0.016 n.d. 
176 n.d. 0.0080 0.014 n.d. n.d. n.d. n.d. 
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177 n.d. 0.0042 0.017 0.0073 n.d. 0.0074 n.d. 
178 n.d. n.d. 0.0062 0.0044 0.0021 0.0038 n.d. 
179 0.0028 0.0014 0.0069 0.0045 0.0015 0.0042 n.d. 
180 0.017 0.012 0.031 0.022 0.0069 0.021 n.d. 
183 0.0049 0.0042 0.0087 0.0081 0.0030 0.0073 0.0031 
185 0.0060 0.0039 0.014 0.0083 0.0034 0.0096 0.0076 
187 n.d. n.d. 0.015 0.010 n.d. n.d. n.d. 
189 0.0020 0.0017 n.d. n.d. n.d. n.d. n.d. 
190 0.0024 0.0014 0.0029 0.0023 0.0010 0.0020 n.d. 
191 n.d. n.d. n.d. 0.0011 n.d. n.d. n.d. 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 0.0058 0.0034 0.0072 0.0056 0.0012 0.0046 n.d. 
195 0.0047 0.0024 0.0040 0.0024 0.0019 0.0031 n.d. 
196 0.0021 0.0013 0.0034 0.0027 0.0009 0.0027 0.0004 
197 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
198 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
199 0.0050 0.0029 0.0081 0.0069 0.0018 0.0064 n.d. 
200 n.d. n.d. 0.0077 0.0047 n.d. n.d. n.d. 
201 n.d. 0.0029 0.0075 0.0044 n.d. 0.0027 0.0035 
202 0.0031 0.0015 0.0050 0.0038 0.0011 0.0032 0.0012 
203 0.0030 0.0019 0.0049 0.0039 0.0013 0.0039 0.0006 
205 0.0033 n.d. 0.0027 0.0027 n.d. n.d. n.d. 
206 0.0031 0.0018 0.0039 0.0030 0.0011 0.0033 n.d. 
207 0.0021 0.0013 0.0010 0.0008 0.0009 0.0014 n.d. 
208 0.0012 0.0006 0.0010 0.0006 0.0005 0.0008 n.d. 
209 0.0013 n.d. 0.0022 0.0013 0.0012 0.0013 n.d. 
total [PCB]  2.1 0.80 3.5 2.7 0.78 1.4 0.24 











Date Range: 1952-1946 















(Year) 1952 1951 1950 1949 1948 1947 1946 
(Sample Mass (g)) 1.001 1.4878 0.75675 0.9715 1.0419 1.4872 1.4552 
(Lamination/Depth) L55 L56 L57 L58 L59 L60 L61 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6 n.d. n.d. n.d. n.d. n.d. n.d. 0.032 
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
15 n.d. n.d. n.d. n.d. 0.045 n.d. n.d. 
16 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
17 n.d. n.d. n.d. n.d. 0.086 n.d. n.d. 
18 n.d. n.d. n.d. n.d. 0.19 n.d. n.d. 
19 0.025 n.d. 0.034 n.d. n.d. n.d. n.d. 
20 n.d. n.d. 0.0003 n.d. n.d. n.d. n.d. 
22 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
24 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
25 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
26 n.d. n.d. n.d. 0.022 n.d. n.d. 0.018 
28 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
29 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
31 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
32 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
33 n.d. n.d. 0.0045 n.d. n.d. n.d. n.d. 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 0.027 n.d. n.d. n.d. n.d. n.d. n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
42 0.084 n.d. n.d. n.d. n.d. n.d. n.d. 
44 n.d. n.d. 0.048 n.d. n.d. 0.025 n.d. 
45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
46 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
49 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
51 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
52 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
53 n.d. n.d. 0.0006 n.d. n.d. n.d. n.d. 
56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
59 0.035 n.d. n.d. n.d. n.d. n.d. n.d. 
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60 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
63 n.d. n.d. 0.017 n.d. n.d. n.d. 0.011 
64 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
66 0.014 0.0096 0.019 0.015 0.019 0.018 0.011 
67 0.040 n.d. n.d. n.d. n.d. n.d. n.d. 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
74 0.061 0.033 0.11 0.049 0.052 0.054 0.055 
77 0.019 0.011 0.016 0.014 0.018 0.015 0.012 
82 0.018 0.011 0.022 0.018 0.021 0.016 0.016 
83 0.014 0.0073 0.019 0.012 0.0070 0.0087 0.0082 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.14 0.071 0.15 0.11 0.11 0.076 0.045 
87 0.017 0.013 0.024 0.015 0.023 0.019 0.015 
90 n.d. n.d. n.d. n.d. n.d. 0.0046 n.d. 
91 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
92 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
95 0.031 0.022 0.042 0.034 0.042 0.040 0.026 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
99 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. n.d. 0.041 n.d. 
105 0.019 0.014 0.021 0.015 0.018 0.015 0.013 
107 n.d. n.d. n.d. n.d. n.d. n.d. 0.0059 
110 0.059 0.034 0.049 0.046 0.058 0.047 0.037 
115 0.0009 0.0007 0.0013 0.0008 0.0013 0.0011 0.0008 
118 0.063 0.048 0.079 0.054 0.059 0.060 0.040 
119 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
122 n.d. n.d. 0.0073 0.0067 0.0042 0.0044 0.0062 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 0.021 0.015 0.022 0.018 0.019 0.018 0.018 
129 0.0025 0.0015 0.0028 0.0028 0.0039 0.0044 0.0027 
130 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
131 n.d. n.d. 0.010 0.0093 0.0059 0.0062 0.0087 
132 0.038 0.028 0.043 0.031 0.036 0.030 0.027 
134 0.17 0.11 0.23 0.19 0.16 0.12 0.086 
135 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
136 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
137 n.d. n.d. 0.0014 n.d. 0.0007 0.0005 n.d. 
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138 0.11 0.084 0.14 0.10 0.12 0.13 0.085 
141 0.0060 0.0043 0.0082 0.0063 0.0081 0.0080 0.0053 
146 n.d. n.d. n.d. n.d. n.d. 0.011 n.d. 
149 0.079 0.060 0.098 0.068 0.074 0.074 0.051 
151 n.d. n.d. n.d. n.d. 0.018 0.014 0.014 
153 0.11 0.078 0.12 0.086 0.10 0.085 0.075 
156 0.013 0.0099 0.017 0.014 0.017 0.018 0.016 
157 n.d. n.d. 0.0006 n.d. n.d. 0.0007 0.0003 
158 0.0082 0.0060 0.0097 0.0073 0.0087 0.0092 0.0062 
160 0.0003 0.0002 0.0003 0.0002 0.0003 0.0003 0.0002 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 0.0068 0.0054 0.0089 0.012 0.017 0.014 0.0088 
171 0.012 0.0094 0.017 0.013 0.016 0.017 0.015 
172 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
173 n.d. n.d. 0.0016 n.d. n.d. 0.0017 0.0009 
174 0.010 0.0066 0.014 0.010 0.018 0.020 0.015 
175 0.022 0.017 0.043 0.027 0.027 0.019 0.024 
176 n.d. n.d. 0.022 n.d. 0.012 0.0076 n.d. 
177 0.0065 0.0048 0.0096 0.0077 0.011 0.013 0.0095 
178 0.0036 0.0022 0.0041 0.0040 0.0057 0.0064 0.0039 
179 0.0042 0.0030 0.0057 0.0044 0.0057 0.0056 0.0037 
180 0.013 0.0096 0.020 0.016 0.026 0.029 0.022 
183 0.0064 0.0044 0.0081 0.0048 0.010 0.012 0.0089 
185 0.0057 0.0036 0.0056 0.0057 0.0088 0.0095 0.0077 
187 n.d. n.d. n.d. 0.011 0.018 0.014 n.d. 
189 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
190 0.0019 0.0013 0.0025 0.0034 0.0046 0.0040 0.0024 
191 n.d. n.d. 0.0049 0.0033 n.d. n.d. 0.0032 
193 0.031 n.d. n.d. n.d. n.d. n.d. n.d. 
194 0.0037 0.0030 0.0065 0.0045 0.0074 0.0084 0.0064 
195 0.0025 0.0015 0.0033 0.0032 0.0043 0.0041 0.0041 
196 0.0020 0.0015 0.0035 0.0026 0.0042 0.0045 0.0037 
197 n.d. 0.0015 n.d. n.d. n.d. n.d. n.d. 
198 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
199 0.0054 0.0038 0.0067 0.0051 0.0083 0.0091 0.0081 
200 n.d. n.d. 0.0070 n.d. 0.0046 0.0062 0.0056 
201 n.d. n.d. 0.0043 n.d. n.d. 0.0048 0.0024 
202 0.0031 0.0023 0.0041 0.0032 0.0039 0.0042 0.0036 
203 0.0028 0.0021 0.0050 0.0037 0.0061 0.0065 0.0054 
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205 n.d. 0.0031 0.0057 n.d. n.d. 0.0028 n.d. 
206 0.0023 0.0021 0.0050 0.0033 0.0047 0.0045 0.0071 
207 n.d. 0.0008 0.0025 n.d. 0.0011 0.0009 0.0009 
208 0.0006 0.0004 0.0008 0.0008 0.0011 0.0010 0.0010 
209 0.0014 0.0014 0.0024 0.0026 0.0034 0.0032 0.0037 
total [PCB]  1.4 0.76 1.6 1.1 1.5 1.2 0.92 
Note: n.d. = not detected/below detection limit 
Date Range: 1945-1939 















(Year) 1945 1944 1943 1942 1941 1940 1939 
(Sample Mass (g)) 1.5035 1.4859 1.4905 1.5061 1.5835 1.4994 1.4823 
(Lamination/Depth) L62 L63 L64 L65 L66 L67 L68 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6 n.d. n.d. 0.031 n.d. n.d. n.d. n.d. 
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
15 n.d. n.d. n.d. n.d. 0.029 n.d. 0.042 
16 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
17 n.d. n.d. n.d. n.d. 0.055 n.d. 0.080 
18 n.d. n.d. n.d. n.d. 0.12 n.d. 0.18 
19 n.d. n.d. n.d. n.d. 0.016 n.d. n.d. 
20 n.d. n.d. n.d. 0.0002 n.d. 0.0002 n.d. 
22 n.d. n.d. n.d. n.d. n.d. n.d. 0.016 
24 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
25 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
26 n.d. n.d. n.d. 0.019 n.d. n.d. n.d. 
28 n.d. n.d. n.d. 0.012 n.d. n.d. n.d. 
29 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
31 n.d. n.d. n.d. 0.0087 n.d. n.d. n.d. 
32 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
33 n.d. n.d. n.d. 0.0027 n.d. 0.0028 n.d. 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
42 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
44 n.d. 0.023 n.d. n.d. n.d. n.d. n.d. 
45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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46 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
49 n.d. n.d. n.d. 0.12 n.d. n.d. n.d. 
51 n.d. n.d. n.d. n.d. n.d. n.d. 0.0011 
52 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
53 n.d. n.d. n.d. 0.0004 n.d. 0.0004 n.d. 
56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
59 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
60 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
63 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
64 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
66 n.d. n.d. n.d. n.d. n.d. 0.0076 0.0082 
67 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
74 n.d. n.d. n.d. n.d. n.d. 0.039 n.d. 
77 n.d. n.d. n.d. 0.0050 0.0012 n.d. 0.0035 
82 0.0096 0.0092 0.0098 0.015 0.0081 0.0074 0.0065 
83 0.0070 0.0047 n.d. n.d. 0.010 n.d. n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.0054 n.d. n.d. 0.0069 n.d. n.d. 0.013 
87 0.0057 0.0051 n.d. 0.011 0.0066 0.0070 0.010 
90 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
91 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
92 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
95 n.d. n.d. n.d. n.d. n.d. 0.017 0.019 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
99 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
105 0.0035 0.0041 n.d. 0.0056 0.0032 0.0040 0.0052 
107 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
110 n.d. n.d. n.d. 0.016 0.0041 n.d. 0.011 
115 0.0003 0.0003 n.d. 0.0006 0.0004 0.0004 0.0006 
118 n.d. n.d. 0.0075 0.025 0.022 0.020 0.024 
119 n.d. n.d. n.d. n.d. n.d. 0.0049 n.d. 
122 n.d. n.d. 0.0038 0.0029 0.0036 0.0035 0.0043 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 n.d. n.d. n.d. 0.0060 n.d. n.d. n.d. 
129 n.d. n.d. n.d. 0.0021 n.d. n.d. n.d. 
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130 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
131 n.d. n.d. 0.0052 0.0041 0.0050 0.0049 0.0060 
132 0.0071 0.0014 n.d. 0.011 0.0064 0.0081 0.011 
134 n.d. n.d. 0.0091 n.d. n.d. 0.0075 n.d. 
135 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
136 n.d. n.d. n.d. n.d. n.d. n.d. 0.0029 
137 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
138 n.d. n.d. n.d. 0.045 0.0240 0.031 0.037 
141 n.d. n.d. n.d. 0.0055 0.0017 0.0019 n.d. 
146 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
149 n.d. n.d. 0.0093 0.032 0.027 0.025 0.030 
151 n.d. n.d. n.d. 0.013 n.d. n.d. n.d. 
153 0.020 0.0033 n.d. 0.032 0.018 0.023 0.030 
156 0.0018 n.d. 0.0026 0.0076 0.0052 0.0044 0.0054 
157 n.d. n.d. n.d. 0.0008 0.0007 0.0003 0.0003 
158 n.d. n.d. n.d. 0.0033 0.0017 0.0022 0.0027 
160 n.d. n.d. n.d. 0.0001 0.0001 0.0001 0.0001 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 0.0051 n.d. n.d. 0.0068 0.0039 0.0088 0.0077 
171 0.0017 n.d. 0.0024 0.0072 0.0049 0.0047 0.0051 
172 0.0022 n.d. n.d. n.d. n.d. n.d. n.d. 
173 n.d. n.d. n.d. 0.0022 0.0018 0.0009 0.0008 
174 n.d. n.d. n.d. 0.010 0.0041 0.0066 0.0051 
175 0.0037 n.d. n.d. 0.0036 0.011 0.014 0.015 
176 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
177 n.d. n.d. n.d. 0.0049 n.d. 0.0041 n.d. 
178 n.d. n.d. n.d. 0.0031 n.d. n.d. n.d. 
179 n.d. n.d. n.d. 0.0039 0.0012 0.0013 n.d. 
180 n.d. n.d. n.d. 0.014 0.0065 0.012 0.0056 
183 0.0020 n.d. n.d. 0.0055 0.0043 0.0046 0.0036 
185 0.0018 n.d. 0.0017 0.0061 0.0044 0.0045 0.0068 
187 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
189 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
190 0.0014 n.d. n.d. 0.0019 0.0008 0.0024 0.0021 
191 n.d. n.d. n.d. n.d. n.d. 0.0022 n.d. 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 n.d. n.d. n.d. 0.0036 0.0026 0.0039 0.0019 
195 n.d. n.d. n.d. 0.0020 0.0021 0.0018 0.0039 
196 n.d. n.d. n.d. 0.0016 0.0012 0.0018 0.0010 
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197 0.0039 n.d. n.d. 0.0014 0.0014 0.0013 n.d. 
198 n.d. 0.0015 0.0016 n.d. n.d. n.d. n.d. 
199 n.d. n.d. n.d. 0.0032 0.0025 0.0036 0.0029 
200 n.d. n.d. n.d. n.d. 0.0033 0.0035 n.d. 
201 n.d. n.d. n.d. 0.0060 0.0050 0.0025 0.0022 
202 0.0004 n.d. 0.0006 0.0018 0.0012 0.0013 0.0013 
203 n.d. n.d. n.d. 0.0023 0.0018 0.0026 0.0015 
205 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
206 n.d. n.d. n.d. 0.0020 0.0035 0.0047 0.0084 
207 n.d. 0.0011 n.d. n.d. n.d. 0.0008 0.0008 
208 n.d. n.d. n.d. 0.0005 0.0005 0.0004 0.0010 
209 n.d. n.d. 0.0005 0.0015 0.0043 0.0052 0.0081 
total [PCB]  0.083 0.054 0.085 0.50 0.44 0.32 0.63 
Note: n.d. = not detected/below detection limit 
Date Range: 1938-1932 















(Year) 1938 1937 1936 1935 1934 1933 1932 
(Sample Mass (g)) 0.73345 1.4675 1.4978 1.4983 1.4992 1.466 1.5034 
(Lamination/Depth) L69 L70 L71 L72 L73 L74 L75 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. 0.0004 n.d. n.d. n.d. n.d. n.d. 
6 0.047 0.0322 n.d. n.d. n.d. n.d. n.d. 
8 n.d. 0.0453 n.d. n.d. n.d. n.d. n.d. 
15 0.071 0.0348 0.0401 0.0363 0.0418 n.d. 0.0397 
16 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
17 0.14 0.0664 0.0764 0.0692 0.0797 n.d. 0.0758 
18 0.30 0.1449 0.1667 0.1509 0.1738 n.d. 0.1653 
19 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
20 0.0004 n.d. n.d. n.d. n.d. n.d. n.d. 
22 n.d. n.d. n.d. n.d. 0.0148 n.d. n.d. 
24 n.d. n.d. 0.0145 0.0148 0.0154 n.d. n.d. 
25 n.d. n.d. n.d. n.d. n.d. n.d. 0.0184 
26 0.049 n.d. n.d. 0.0245 n.d. 0.0179 0.0184 
28 0.024 n.d. n.d. 0.0125 n.d. n.d. 0.0128 
29 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
31 0.018 n.d. n.d. 0.0093 n.d. n.d. 0.0096 
32 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
33 0.0066 n.d. n.d. n.d. n.d. n.d. n.d. 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 n.d. n.d. n.d. 0.0062 n.d. n.d. n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
42 n.d. n.d. n.d. 0.0189 n.d. n.d. n.d. 
44 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
46 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
49 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
51 n.d. n.d. n.d. n.d. 0.0010 n.d. n.d. 
52 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
53 0.0009 n.d. n.d. n.d. n.d. n.d. n.d. 
56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
59 n.d. n.d. n.d. 0.0078 n.d. n.d. n.d. 
60 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
63 0.024 n.d. n.d. 0.021 0.0079 n.d. 0.0080 
64 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
66 0.024 n.d. n.d. n.d. n.d. n.d. n.d. 
67 0.072 n.d. n.d. 0.047 0.022 n.d. n.d. 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 0.11 n.d. n.d. n.d. n.d. n.d. n.d. 
74 0.14 n.d. n.d. 0.057 0.063 n.d. 0.058 
77 n.d. 0.0034 n.d. 0.0033 0.0037 0.0029 0.0033 
82 0.013 0.0057 n.d. n.d. n.d. n.d. n.d. 
83 n.d. n.d. n.d. 0.0054 0.0069 n.d. n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.025 0.013 0.0075 0.012 0.011 0.012 0.017 
87 0.020 0.0089 0.0046 0.010 0.017 0.0089 0.017 
90 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
91 0.017 n.d. n.d. n.d. n.d. n.d. n.d. 
92 0.021 n.d. n.d. n.d. n.d. n.d. n.d. 
95 0.055 n.d. n.d. n.d. n.d. n.d. n.d. 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
99 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
105 0.0078 0.0044 n.d. 0.0044 0.0056 0.0032 0.0054 
107 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
110 n.d. 0.011 n.d. 0.011 0.012 0.0093 0.011 
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115 0.0011 0.0005 0.0003 0.0005 0.0009 0.0005 0.0009 
118 0.027 0.016 0.023 0.043 0.024 0.021 0.026 
119 n.d. n.d. n.d. n.d. 0.0080 n.d. n.d. 
122 0.0071 0.0045 0.0031 n.d. 0.0038 0.0028 0.0072 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
129 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
130 n.d. n.d. n.d. n.d. n.d. n.d. 0.024 
131 0.0098 0.0062 0.0043 n.d. 0.0053 0.0040 0.010 
132 0.026 0.0089 n.d. 0.0089 0.011 0.0065 0.011 
134 0.026 0.012 0.012 0.016 0.023 0.0079 0.016 
135 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
136 n.d. n.d. n.d. n.d. 0.0035 n.d. 0.0032 
137 n.d. n.d. n.d. 0.0005 n.d. n.d. n.d. 
138 0.045 0.023 0.019 0.018 0.020 0.019 0.021 
141 n.d. n.d. n.d. n.d. n.d. n.d. 0.0013 
146 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
149 0.034 0.020 0.029 0.053 0.030 0.027 0.032 
151 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
153 0.074 0.025 n.d. 0.025 0.032 0.018 0.031 
156 0.0067 0.0048 0.0039 0.0030 0.0032 n.d. 0.0013 
157 0.0008 0.0004 n.d. n.d. n.d. n.d. 0.0003 
158 0.0040 0.0017 0.0013 0.0013 0.0014 0.0014 0.0015 
160 0.0001 0.0001 n.d. n.d. n.d. n.d. n.d. 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 0.0091 0.0054 0.010 0.0064 n.d. 0.0038 n.d. 
171 0.0063 0.0046 0.0037 0.0028 0.0030 n.d. 0.0013 
172 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
173 0.0022 0.0010 n.d. n.d. n.d. n.d. 0.0007 
174 0.0078 0.0036 n.d. n.d. n.d. n.d. 0.0041 
175 0.019 0.016 0.018 0.028 0.033 0.016 0.026 
176 n.d. n.d. n.d. 0.0083 n.d. n.d. n.d. 
177 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
178 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
179 n.d. n.d. n.d. n.d. n.d. n.d. 0.0009 
180 0.0076 0.0035 0.0026 n.d. 0.0018 0.0023 0.0017 
183 0.0038 n.d. 0.0020 n.d. 0.0021 n.d. n.d. 
185 0.0064 0.0023 0.0028 0.0016 0.0030 0.0028 n.d. 
187 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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189 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
190 0.0025 0.0015 0.0028 0.0018 n.d. 0.0010 n.d. 
191 0.0045 0.0020 0.0027 0.0019 0.0050 0.0040 0.0056 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 0.0042 0.0015 n.d. n.d. n.d. n.d. n.d. 
195 0.0058 0.0032 0.0024 0.0015 n.d. n.d. n.d. 
196 0.0016 0.0006 0.0004 n.d. n.d. n.d. n.d. 
197 0.0048 0.0031 n.d. 0.0026 n.d. 0.0017 0.0010 
198 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
199 0.0047 0.0022 n.d. n.d. n.d. n.d. n.d. 
200 0.0103 0.0036 n.d. n.d. 0.0040 n.d. 0.0037 
201 0.0060 0.0028 n.d. n.d. n.d. n.d. 0.0021 
202 0.0016 0.0011 0.0009 0.0007 0.0007 n.d. 0.0003 
203 0.0022 0.0008 0.0005 n.d. n.d. n.d. n.d. 
205 n.d. n.d. n.d. n.d. n.d. n.d. 0.0042 
206 0.013 0.0074 0.0049 0.0043 0.0029 0.0012 n.d. 
207 n.d. 0.0013 n.d. n.d. n.d. n.d. 0.0008 
208 0.0014 0.0008 0.0006 0.0004 n.d. n.d. n.d. 
209 0.011 0.0058 0.0037 0.0035 0.0022 0.0006 n.d. 
total [PCB]  1.58 0.57 0.46 0.75 0.70 0.20 0.70 
Note: n.d. = not detected/below detection limit 
Date Range: 1931-1925 















(Year) 1931 1930 1929 1928 1927 1926 1925 
(Sample Mass (g)) 1.469 1.4847 1.4991 1.5001 1.489 1.4905 1.4745 
(Lamination/Depth) L76 L77 L78 L79 L80 L81 L82 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6 n.d. n.d. n.d. n.d. n.d. n.d. 0.024 
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
15 0.036 0.023 n.d. n.d. n.d. n.d. n.d. 
16 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
17 0.070 0.043 n.d. n.d. n.d. n.d. n.d. 
18 0.15 0.094 n.d. n.d. n.d. n.d. n.d. 
19 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
20 n.d. 0.0007 0.0005 n.d. 0.0004 n.d. 0.0006 
22 0.027 0.027 n.d. n.d. n.d. n.d. n.d. 
24 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
25 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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26 0.014 0.026 0.015 n.d. 0.016 n.d. 0.015 
28 n.d. 0.018 n.d. n.d. n.d. n.d. n.d. 
29 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
31 n.d. 0.014 n.d. n.d. n.d. n.d. n.d. 
32 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
33 n.d. 0.012 0.0079 n.d. 0.0064 n.d. 0.010 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
42 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
44 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
46 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
49 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
51 0.0018 0.0018 n.d. n.d. n.d. n.d. n.d. 
52 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
53 n.d. 0.0015 0.0011 n.d. 0.0009 n.d. 0.0014 
56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
59 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
60 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
63 0.0087 0.0098 0.0093 n.d. n.d. n.d. n.d. 
64 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
66 n.d. 0.0072 n.d. n.d. n.d. n.d. n.d. 
67 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
74 0.054 0.11 0.038 n.d. n.d. n.d. n.d. 
77 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
82 0.0083 n.d. n.d. n.d. n.d. n.d. n.d. 
83 0.0077 0.0073 n.d. n.d. n.d. n.d. n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 0.015 0.0051 0.0087 n.d. 0.0057 0.0075 n.d. 
87 0.017 0.0084 0.0090 n.d. n.d. n.d. 0.0053 
90 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
91 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
92 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
95 n.d. 0.017 n.d. n.d. n.d. n.d. n.d. 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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97 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
99 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
105 0.0040 0.0038 0.0032 n.d. n.d. n.d. 0.0043 
107 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
110 0.0076 n.d. n.d. n.d. n.d. n.d. n.d. 
115 0.0009 0.0005 0.0005 n.d. n.d. n.d. 0.0003 
118 0.016 0.022 0.027 0.012 0.013 0.010 0.0051 
119 0.0049 n.d. n.d. n.d. n.d. n.d. n.d. 
122 0.0033 0.0097 0.0063 0.0032 0.0030 n.d. n.d. 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 0.0062 n.d. n.d. n.d. n.d. n.d. n.d. 
129 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
130 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
131 0.0046 0.014 0.0087 0.0044 0.0042 n.d. n.d. 
132 0.0081 0.0077 0.0064 n.d. n.d. n.d. 0.0015 
134 0.0193 0.0200 0.013 n.d. n.d. 0.0081 n.d. 
135 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
136 0.0037 0.0041 n.d. n.d. n.d. n.d. n.d. 
137 n.d. 0.0007 n.d. n.d. n.d. n.d. n.d. 
138 0.0150 0.019 n.d. n.d. n.d. n.d. n.d. 
141 n.d. 0.0016 n.d. n.d. n.d. n.d. n.d. 
146 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
149 0.020 0.027 0.033 0.015 0.016 0.013 0.0064 
151 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
153 0.023 0.022 0.018 n.d. n.d. n.d. 0.0034 
156 n.d. 0.0021 0.0027 n.d. 0.0016 n.d. n.d. 
157 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
158 0.0011 0.0014 n.d. n.d. n.d. n.d. n.d. 
160 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 0.0070 0.0041 n.d. n.d. n.d. n.d. n.d. 
171 n.d. 0.0020 0.0025 n.d. 0.0015 n.d. n.d. 
172 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
173 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
174 0.0035 n.d. n.d. n.d. n.d. n.d. n.d. 
175 0.023 0.056 0.018 0.0066 0.0088 0.0067 0.0056 
176 n.d. 0.011 n.d. n.d. n.d. n.d. n.d. 
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177 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
178 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
179 n.d. 0.0012 n.d. n.d. n.d. n.d. n.d. 
180 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
183 0.0027 0.0025 0.0023 n.d. n.d. n.d. n.d. 
185 0.0041 0.0023 0.0017 n.d. 0.0020 n.d. n.d. 
187 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
189 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
190 0.0017 0.0011 n.d. n.d. n.d. n.d. n.d. 
191 0.0047 0.013 0.0033 0.0027 0.0025 0.0020 n.d. 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
195 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
196 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
197 0.015 0.010 n.d. 0.012 0.0085 0.0044 0.0030 
198 0.0038 n.d. 0.0022 0.0055 0.0035 0.0030 n.d. 
199 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
200 0.0044 n.d. n.d. n.d. n.d. n.d. n.d. 
201 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
202 n.d. 0.0005 0.0006 n.d. 0.0004 n.d. n.d. 
203 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
205 0.0025 n.d. n.d. n.d. n.d. n.d. n.d. 
206 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
207 n.d. n.d. n.d. n.d. n.d. n.d. 0.0017 
208 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
209 n.d. 0.0013 0.0010 n.d. n.d. n.d. n.d. 
total [PCB]  0.62 0.69 0.24 0.061 0.094 0.054 0.088 











Date Range: 1924-1920, 1841, Core Bottom 















(Year) 1924 1923 1922 1921 1920 1841 Core Bottom 
(Sample Mass (g)) 1.4832 1.5086 1.4932 0.74455 1.5042 0.9928 0.996 
(Lamination/Depth) L83 L84 L85 L86 L87 139-140 cm 178-179 cm 
  Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) Conc. (µg/g) 
5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
6 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
15 n.d. n.d. 0.028 n.d. n.d. n.d. n.d. 
16 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
17 n.d. n.d. 0.0524 n.d. n.d. n.d. n.d. 
18 n.d. n.d. 0.1143 n.d. n.d. n.d. n.d. 
19 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
20 0.0003 0.0002 0.0002 0.0006 n.d. n.d. n.d. 
22 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
24 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
25 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
26 0.014 0.0266 0.0164 n.d. n.d. n.d. n.d. 
28 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
29 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
31 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
32 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
33 0.0051 0.0040 0.0031 0.010 n.d. n.d. n.d. 
34 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
35 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
37 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
40 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
41 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
42 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
44 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
45 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
46 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
49 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
51 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
52 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
53 0.0007 0.0005 0.0004 0.0014 n.d. n.d. n.d. 
56 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
59 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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60 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
63 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
64 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
66 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
67 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
69 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
70 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
74 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
77 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
82 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
83 0.0046 n.d. n.d. n.d. n.d. n.d. n.d. 
84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
85 n.d. n.d. 0.0063 n.d. 0.0042 n.d. n.d. 
87 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
90 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
91 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
92 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
95 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
96 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
97 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
99 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
101 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
105 0.0039 n.d. n.d. n.d. n.d. n.d. n.d. 
107 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
110 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
115 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
118 0.013 0.0063 n.d. n.d. n.d. n.d. n.d. 
119 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
122 0.0030 n.d. n.d. n.d. n.d. n.d. n.d. 
123 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
128 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
129 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
130 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
131 0.0041 n.d. n.d. n.d. n.d. n.d. n.d. 
132 0.0014 n.d. n.d. n.d. n.d. n.d. n.d. 
134 0.0079 0.0081 n.d. n.d. n.d. n.d. n.d. 
135 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
136 n.d. n.d. 0.0037 n.d. n.d. n.d. n.d. 
137 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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138 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
141 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
146 0.0006 n.d. n.d. n.d. n.d. n.d. n.d. 
149 0.016 0.0079 n.d. n.d. n.d. n.d. n.d. 
151 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
153 0.0031 n.d. n.d. n.d. n.d. n.d. n.d. 
156 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
157 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
158 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
160 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
167 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
169 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
170 n.d. 0.0061 0.0045 n.d. n.d. n.d. n.d. 
171 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
172 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
173 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
174 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
175 0.0096 0.011 0.011 n.d. 0.0036 n.d. n.d. 
176 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
177 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
178 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
179 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
180 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
183 n.d. n.d. 0.0022 n.d. n.d. n.d. n.d. 
185 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
187 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
189 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
190 n.d. 0.0017 0.0012 n.d. n.d. n.d. n.d. 
191 0.0027 n.d. n.d. n.d. n.d. n.d. n.d. 
193 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
194 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
195 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
196 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
197 0.0011 0.0058 0.0068 0.0064 0.0015 n.d. n.d. 
198 n.d. 0.0023 0.0031 0.0035 n.d. n.d. n.d. 
199 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
200 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
201 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
202 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
203 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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205 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
206 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
207 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
208 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
209 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
total [PCB]  0.091 0.081 0.26 0.022 0.0093 n.d. n.d. 
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